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Caul
Trong thi nghiém tan xa Compton dbi véi chum tia X ¢6 budc song xac dinh, ing véi
goc tan xa 0; = 60° thi do dich Compton bang 5%. Hoi tmg vdi goc tan xa 6, = 120°
thi d6 dich Compton bang bao nhiéu?

A 1% B. 5% C. 10% D. 15%

bapan: D

Trong tan xa Compton doi véi chiim tia X c6 budce séng xdc dinh, @ dich bude soéng

AN ~ (1 - cos0), trong do 0la goc tan xa. Do do, Ak, = A\ 1=cosby =15%.
1 —cosb,
Cau 2

Mot vién dan xuyén qua tdm van c6 chiéu day D thi téc do giam tr v xubng v,. Luc
can cta tim van tc dung 1én vién dan la F = kv? v6i k 1a hing s6. Thoi gian chuyén
ddng cua vién dan trong tAm van la

In"L V2 Vi
V2
D(v; — 1 1
C. t:(Vl—zvz) D. :D(___] VL
\% Vo Vi \&

Papan: A

s A A~ ” . A A ’ \ 2 \ . A
Phuong trinh chuyén dong cua vién dan trong tam van la -kv” = ma , a la gia toc
cua vién dan. Do do ta co

k dv
—kvdx =mdv va ——dt:—2
m \Y
Ldy tich phin hai phwong trinh, ta nhdn dwoc
D Vo
_k dv m, v
dx = D=—In—-1t
m o Vv k vy
k't ‘2dv k1 1
Y T O P
m 0 Vi A4 m Vi V»
1 1
Dl ———
. . 2 aa » g ) Cas Vo V]
suy ra thoi gian chuyén dong cua vién dan trong tam van la t = . .
In—L



Cau3l

1 mol khi ly tuéng don nguyén tr dugc dung lam tac nhan cia mot dong co nhiét hoat
dong theo chu trinh nhu trén hinh v&. Cho biét p = 2py, V = 2V,. Hoi hiéu suat cua
dong co l1a bao nhiéu?

A. 0,75 B. —
13 . b .
2 A \
C. 0,20 D. —  pg beemee- <
3 Y 4
: : >V
Vo A%
bapan: B

Céong do chdt khi thuc hién trong mot chu trinh

A=(V=Vo)p—po) =poVo .
Chdt khi nhdn nhiét trong qud trinh dang tich ab va qud trinh dang dp be. Tong nhiét
luwong chat khi nhan dwoc la

Q= Qab + Que = Cy (Tp — Ta) + Cy(Te — To)
=§( Vo — V)+§( Ve— V)=E Vo+5 v=E \%
2pbbpaa 2pccpbb 2p00 PoVo 2p00~

Hiéu suat cua dong co la

_A
o3

Cau4

Trén cot buom madt con tau c6 ngudn sang xanh véi bude song A = 500 nm. Hoi nguoi
tho lan dudi nudce (c6 chiet suat n = 1,33) & bén canh tau quan sat thay nguon sang
nay ¢6 mau gi va do dugc budc song bao nhiéu?

A. Mau xanh A =500 nm
B. Mau doé A = 665 nm
C. Mau xanh A =376 nm
D. Tu ngoai A =376 nm

bapan: C

Tan so cia danh sang xdc dinh mau sdc ctia né. Khi truyén tir méi truong nay sang moi
truong khac, tan sé cua danh sang khong thay doi. Mat khdc, trong moi truong co chiét
sudt I6n hon, dnh sdng truyen voi toc do nho hon, do do co6 budc song ngan hon. Vi

vay, nguoi tho lan nhin thdy nguon sdng van c¢6 mau xanh, nhwng do dwge bude song
A =NMn=500/1,33 =376 nm.

Cau s

Cho hai mau phéng xa X va Y c6 cung do phong xa Hy & thot diém t=0. Chu ky ban
rd cua X la 24 ndm, cua Y la 16 nam. Nguoi ta tron hai mau phong xa nay voi nhau.
Hoi d6 phong xa ctia hon hop sau 48 nam 1a bao nhiéu?

1 3 1 3
A, —H B. —H Cc. -H D. -H
1" 16 ° 40 g °



bapan: D

Do phong xg cua mau phong xa o thoi diem t dwoc cho boi biéu thuc
— Yo

H(t)=Hge b trong do ti la thoi gian ban rd cua chat phong xa. Do do, sau 48

nam, dé phéng xa cia cdc mau la
48
1 1

H, =H0(—j24 ——H, déivéimiuX,
2 4
48
16 _1 PO
H, =Hj 5 :gHO doi véi mau'Y .
D¢ phéng xa ciia hon hop la
H=H1+H2 IEHO

Cau 6
Bdn 6ng’tru’ ¢6 cung khdi lugng M 13n khong truot trén mot mit phing nghiéng c6 do
cao h. Bon ong try duoc ché tao

1. Rong voi ban kinh R

2. Pac véi ban kinh R

3. Pac va6i ban kinh R/2

4. Rong véi ban kinh R/2
Neéu bon ong tru dugc tha dong thoi tir dinh mat phang nghiéng thi 6ng nao s€ lan dén
chan mat nghiéng s6m nhat? ' '

A. Ongl B. Ong?2 C. Onglva2 D. Ong2va3
bapan: D
Phuwong trinh chuyén déng cia éng tru Mo R = Mg sin _%a , trong dé o la gia toc
g6c cia ong, 0 la goc gitka mdt phang nghiéng va mdt phang ngang. 1 la mé men qudn
[ 1 . . . . ~ ‘

tinh cua ong truy, I=EMR2déi voi ong tru ddc, 1= MR 2 déi voi ong tru rong. Toc

dé v cua khéi tam 5ng tai thoi diém t la
MngsinO

t v6i o la toc do géc cia ong tru. Thoi gian ong tru lan hét mat
MR? +1

v=0R =

phang nghiéng la 1= Z—hz(M +L2j . T khong phu thuoc vao ban kinh cua
Mgsin“0 R

3h
gsin“0

ong tru, ma chi phu thuéc ong tru dac hay rong, 1 = doi voi ong tru dac va

4h
gsin2 0

Ty = doi voi ong tru rong, 11 <17.



Néu khoi luong cua Mat Trang tang gap d6i nhung ban kinh quy dao cua chuyen dong
quanh Qua Dét van giit nguyén nhu hién nay thi chu ky quay quanh Qua Dét caa Mit
Trang 1a (T 1a chu ky hién nay)

A. T B. T/2 C. T/4 D. 2T
Papan: A
Theo dinh luat Kepler 3,
2
Ly
R

trong do T 1a chu ky, R 1a ban kinh quy dao, C la hang sb c6 gia tri nhu nhau déi voi
tat ca cac hanh tinh. Nhu vay, chu ky cua chuyén dong quay khong phu thudc vao
khéi lwong cia hanh tinh, ma chi phu thudc ban kinh cta quy dao.

Cau 8

Cho mdt vanh ban kinh R nhiém dién déu véi dién tich tong cong 1a Q > 0. Thé tinh
dién tai diém P trén truc doi xrng cia vanh va céch tam vanh khoang x 1a

A. Q
4mgpx
B. Q
Ameg R +x2 R
C x —,P
' 5 5 l l
471:80(R +X ) X
D. A
4n80(R +X )3
Papan: B

Khi [x| — o0, ¢6 thé xem vanh tich dién nhu mot dién tich diém. Vi vay, thé tinh dién

3R > 1A 7 1 . r r 5 ~ <A LN \
tai diem P ty 1€ voi H khi [x| & . Dap an B théa man dicu kién nay.
X

Cau9

Trong phd cua nguyén tir hydro, ty sb giita budc song dai nhat ctia ddy Lyman va
budc song dai nhat cia day Balmer la

A.5/27 B.1/3 C.3 D. 4/9
Papan: A
Buoc song cua cac vach thuoc day Lyman dwoc cho boi cong thirc

% = Ry( 12 12 j trong dé6 hang sé Rydberg Ry =1,0974 10’ m™', n=2, 3, 4,...
n I n

Budc song cua cac vach thuoc day Balmer dwoc cho boi cong thire



L = Ry(L—sz voi n=3,4,5,...
Xn n
o A i~ o o IR T NPT . Ao 5
Ty s6 gitra budc song dai nhat ctia ddy Lyman va cua day Balmer la —&==—.
A3
Cau 10

Ham song ctia mot hat chuyén dong mot chiéu duge vé trén dd thi bén dudi (yx)=0
cho x <0 vax >5). Xac suat tim thay hat trong mién 2 <x <4 la

A
A. 25/64 v
B.5/8
C. +/5/8 3
D. 13/16 2
1

0 1 23 45
Papan: D

4 5
Xde sudt phdi tim la W = [ dx [#(x)|” / [ax e

0
=22 1+3°. ) /(172422 1+3° . 1+1%. 1)
=13/16.

Cau 11

Ning lugng lién két cia mot hat nhan ning 1a khoang 7 MeV/nucleon, trong khi d6
nang luong lién két cta hat nhan trung binh 1a khoang 8 MeV/nucleon. Vi vay, dong
nang tong cong duoc giai phong khi hat nhan nédng phan thanh hai hat nhan con c6
khéi lwong gan bang nhau 1a

A. 1876 MeV B. 938MeV C. 200MeV  D. 8MeV

Pap an: C
Ky hiéu AvaM la 56 khoi va khoi luwong cua hat nhan nang, M’ la khoi lwong cua hat
nhén con, m la khoi lwong cua nucleon. Ta co

(Am—M)c> =A.7MeV

(A2 m—M")c? = (A/2) . 8MeV

Do @6, ddng ndng tong cong dwoe gidi phong la

T=M-2M")c*=A . 1MeV .
Péi véi hat nhéin nang, A co gia tri co' 100-200, nén T co gia tri khoang 200 MeV.

Cau 12

Cho mot day dan thang hinh tru, rt dai, réng & giita, co ban kinh trong 1a R va ban
kinh ngoai la 2R. Trong day dan c6 dong dién v6i mat do dong dong nhat. Do thi nao
dudi day mo ta su phu thudc cia d 16n véc to cdm ung tir vao khoang céch tdi tam
day dan?



i > - - -
0 R 2R 0 R 2R
A B
B
B A
A
# - -] } ' -]
0 R 2R 0 R 2R
C D
Pap an: C

Theo dinh ludt Ampere, cam g tir B tai diém cdch tam ddy dan khodng r théa man
phuwong trinh

2nrB=pw I,
trong do 11a cuong do dong dién di qua dién tich hinh tron bdn kinh t ¢ tdm nam
trén truc day dan. Do do,

2
B=0 néu r<R , B~ [r—R—J néu R<r<2R , B ~ 1 néu r>R .
T T

Cau 13

Soi quang 1a soi thuy tinh déo, trong sudt, hoat dong nhur 6ng din séng dung dé truyén
anh sang. Khi truyén trong soi quang, anh sang bi giam gitr hoan toan trong soi. Trén
hinh v& 12 mé hinh soi quang c6 chiét suit n, dugc bao quanh boi khong khi c6 chiét

sudt ng ~ 1. Goc t6i O cta anh sang di vao soi phai thoa mén diéu kién (0 < arcsin x <
90°)

A 0> arcsin\/ﬁ

B. 6< arcsin\/ﬁ

C. 0> arcsinm Y,

D. 6< arcsinm 1"

Papan: B



Pé khéng thodt ra ngodi sgi, dnh sang phdi phdn xa todan phan & bé mdt tiép gidp véi
. , . 1 ,
khong khi. Do do sino>—. Ta co
n
sinf@=nsinff=ncosa

:n\/l—sinzoc <\/n2 -1

Suy ra
0 < arcsinV n2 -1

Cau 14

Hai qua cau nho bang xdp, mdi qua mang dién tich q,
duoc gén vao hai ddu mot thanh nhe c6 chiéu dai d.
Thanh duoc treo biang mot ddy manh nhu trén hinh v&.
Trong mién hinh try ban kinh R bao quanh day treo c6
tir truong déu B hudng xudng dudi. Toan by hé nim & Thanh |
trang thai tinh. Khi tat tir truong, hé s& (khong tinh dén ¢ )
d6 xodn cia day treo)

A. Quay v6i mé men dong lugng L = gBR? @
B. Quay v6i md men dong lwong L = qBd*/4 =
C. Quay v6i m6 men dong luong L = qBRd/2
D. bung yén.
Pap an: A
Khi tat tir truong, theo dinh ludt Faraday, tai vi tri qua cau xuat hién dién truong
1]d, R’|d
=— B(t — B(t
nddt[ )= d |dt ®
c6 phwong vudng goc véi thanh va day treo. Lirc dién tdc dung 1én 2 quad cdu sinh ra
mo men lyc M lam hé quay quanh dady treo. Ta co

do dé, L=qRB.

Cau 15

D6i v6i khi 1y tuong ludng nguyén tr & trang thai can bang nhiét, ty s6 nhiét dung
mol ding tich & nhiét d6 rat cao va ¢ nhiét do rat thap 1a

A. 5/3 B. 2 C. 73 D. 3
Pap an: C ) )
Nhiét dung mol dang tich cua khi ly twong luong nguyén tir dwoc cho boi biéu thurc
Cy :s%, trong dé s la bdc tw do cia phdn tir khi. Poi véi khi hedng nguyén tir &
nhiét do rdt cao, cdc bdc tr do quay va dao dong déu dong gop vao nang luong trung

binh ciia phan tir, do @6 s = 1. O nhiét dj rat thap, cé thé bé qua chuyén déng quay va
dao ddng ciia phan tir. Liic nay, khi ludng nguyén tir thé hién nhw khi don nguyén tir,



néns=3. Ty 56 nhiét dung mol dcfng tich & nhiét d rat cao va & nhiét do rat thcfp la
7/3.

Cau 16

Thoi gian ban ri cua hat meson ' ding yén 1a 2,5 10® s. Mot cham hat 7~ duoc sinh
ra tai mot diém cach dau do (detector) 15m. Chi c6 mot nira s6 hat n di t6i dau do
trude khi phan ra. Hoi toc do cta cac hat nt' 1a bao nhiéu?

A. lc B. \/Ec C. ic D. 2c
2 5 Js
bapan: C . o .
K)} hiéu V’ld toc do cdq cac hat meson. Thoi gian‘ can thiet de hat di toi dau do la t. Ty
80 gitta so hat di toi dau do N(t) va so hat ban dau Ny la 1/2. Ta co

t/t1/2 -8
LNo (s
2 Ny, \2 v

Suy ra

Cau 17

Cho 1 mol khi ly twong don nguyén tir ¢ nhiét do T. Sau qua trinh bién dbi duoc bleu
dién boi mot doan thang trén gian d6 p-V, ap suat va thé tich ciia khoi khi tang 1én gap
d6i. Nhi¢t dung mol cua khi trong qua trinh nay la

A.3R/2 B. 5R/2 C. 2R D. 5R
Pap an: C

Trong qud trinh dang xét, dp sudt va thé tich 1y 1é véi nhau nén cé thé viét p=aV. Tir

IRT .
phuwong trinh trang thdi ta co V = ,|— . Nhiét dung mol cua chat khi dwoc cho boi
a

biéu thirc C = dQ dU hl dW
dr ~ dr
Ta co dU = %RdT ,

dW =pdV = (deV——d(Vz)—— (Ej:%RdT :
o

Do do C=2R .
Cau 18

Mot mau chira cac hat nhan phéong xa khi phan ri chi phét ra birc xa o va biic xa p.
Thoi gian ban rd dbi voi bire xa o 1a 24 phit, dbi v6i birc xa B 1a 36 phit. Hoi thoi
gian ban rd cua mau la bao nhiéu?

A. 36 phut B. 20,8 phut C. 60 phut D. 14,4 phut



bapan: D
Néu madu phong xa cé nhiéu kénh phédn rd véi thoi gian bdn rd twong ing t thi thoi
. foa L A .1 1 - .
gian ban ra t cua mau dwoc xdc dinh boi cong thirc —= Zt_ Do do mau da cho co
i '
thoi gian ban ra
ity 2436
t,+t,  24+36

= 14,4 phuat

Cau 19
Mot khung day dan hinh vuéng dit trong tir truong déu B, mit phang cia khung
vudng goc voi phuong tir truong nhu trong hinh ve€. Khi dang khung day nay dugc
chuyén déu sang hinh tron trong cting mit phang, trong khung diy c6 dong dién hay
khong?

A. C6 dong dién theo chiéu kim dong ho.
B. Khong c6 dong dién.

C. C6 dong dién nguoc chiéu kim dong ho.
D. Khong c6 két luan gi.

Pap an: A

Hinh tron cé dién tich [ém hon hinh vudng c6 ciing chu vi. Vi vdy, trong thoi gian bién
doi khung hinh vudng thanh khung hinh tron, tir théng qua dién tich khung tang lén,
trong khung xudt hién dong dién cam iing. Theo dinh ludt Lenz, dong dién cam vmg
sinh ra tir truong nguoc chiéu véi tir triong B. Do dd, dong dién cam img cé chiéu
theo chiéu kim dong ho.

Cau 20

Cho mot vat khdi lugng m, nhi¢t dung riéng C, ¢ nhiét do 500K, tiép xuc voi vat
giong hét n6 ¢ nhiét d§ 100K. Hai vat dugc cach nhi€t vdi moi truong xung quanh.
Hoi entropy cua hé tang mot lugng bao nhiéu?

A. (4/3)mC B. mC In(9/5) C. —-mClIn(5/3) D. mCIn(3)
bapan: B )
Nhiét do cuoi cua hé la 300K. D¢ bién thién entropy cua hé la
300 300
As= | medl, | MEAT _ i 1022 41039 )= e in 2
T 500 100 5

500 100



BO GIAO DUC VA PAO TAO OLYMPIC VAT LY SINH VIEN TOAN QUOC LAN THU XV
HOI VAT LY VIET NAM BUON MA THUOT - 2012

PHAN GIAI BAI TAP

CAU 1
Xét chat khi Iy tuong ludng nguyén tur trong mot xi lanh c6 pit tong chuyén
dong voi tbc do rat nho so véi toc do trung binh ciia cac phan tir khi. Dung

thuyet dong hoc phan tir ctia chét khi, hiy chirng minh hé thirc giita ap suat va
thé tich

;
PV > =const.
Gia thiét rang thanh xi lanh va pit tong cach nhi¢t, xét & nhiét do khong qua
cao.
Bai giai

Chon tryuc x tring véi truc cta xi lanh. Ky hiéu u 1a tdc d6 cua pit tong trong xi
lanh, v, 1a thanh phan x ctia van téc cua phan tir khi d6i v6i thanh xi lanh. Xét
hé quy chiéu K chuyén dong gin véi pit tong. Trong hé quy chiéu nay, thanh
phan x cua phan tir khi dang xét 1a v, — u. Theo thuyét dong hoc phan tir, moi
va cham cua phan tir khi déu 13 va cham dan hdi. Khi phan tir va cham véi pit
tong, thanh phan x ctia van tdc trong hé quy chiéu K dbi ddu nhung d6 16n
khong thay doi. Do d6, van tc cua phan tir sau va cham trong hé quy chiéu K
13 —(v4 — u), con dbi v6i thanh xi lanh, van toc d6 1a —(vy — u)tu = —v,+2u.
Thanh phan y va z ciia van téc khong thay ddi trong qua trinh va cham.

Pong ning ciia phéan tir thay d6i mot luong

2

%m(VX —2u)? —%mvx ~-2mv,u , (1)

néu ta bo qua s6 hang chtra u”. O day m 1a khéi luong cua phan ti.
Ky higu V 1a thé tich khoi khi, S 1a tiét dién ngang ctia xi lanh, N 1a s0 phan tir
trong khéi khi, f(vx) 1a ham phéan b6 phan tir theo thanh phan van tbc v,. S6
phan tir trong khoi khi c¢6 thanh phan x cua van téc nam trong khoang (v,
vtdvy) 1a
dN=N f{{(v,) dv,

S6 phan tir ¢6 thanh phan van tdc noi trén va cham véi pit tong trong mot don
vi thot gian 1a

dVN Sv, vaf(vx) dv,
Bién thién ndi ning trong mot don Vi thoi gian cua khéi khi 1a

dU _ 2Nmu SjVif(VX v, = Nmu SV 1 Nmu
dt A\ 0 3 \Y

Theo dinh luat phan bd déu nang lugng theo bac tu do, ta co

Sv2 2)



lmV2 zng — szlmV2 ,
2 2 3

U = NL chuyén dong tinh tién + NL chuyén dong quay
= %vaz + NKT

= leVZ + %vaz = %vaz
Theo phuong trinh co ban cuia thuyét dong hoc phan tir ta c6
PV=iNm?=2U .
3 5
Mait khac, dV=S udt. Do d¢6 tir (2) rat ra

dU——% Nmu > 2dt:—PV%dV:—PdV .

Lay vi phan hai vé phuong trinh (4), két hop véi (5), ta nhan dugc
d(PV) = —%PdV ,

hay dPV +PdV = —%PdV

Lay tich phan hai vé ctua phuong trinh trén, ta rat ra
7
PV =hang sé .

CAU2

3)

(4)

(3

(6)

(7)

Cho mét éng tru ban kinh R ¢c6 chiéu dai L rét 1on, dit nam ngang, co thé quay
tu do quanh truc éng tru v6i mé men quén tinh L. Vat liéu che tao 6ng la chat
cach dién va khong tir tinh. Mot soi day khong khéi lwong quin quanh dng tru
va treo vat khdi luong m. Tai thoi diém t=0 vat m duoc tha roi tur trang thai

dimg yén.

a. Xac dinh gia toéc goc va dong nang cua hé¢ sau khi vat m roi dugc mot

khoang h.

b. Mot lugng dién tich duwong Q c6 khéi luong khong dang ké duoc phan
bo déu trén beé mat ong tru trude khi tha vat m. Hay x4c dinh gia toc goc

va dong nang cua hé sau khi vat m roi dugc mot khoang h.

Hay tinh d§ chénh 1éch dong nang cua hé gitra hai truong hop Q=0 va Q

# 0. Hay cho biét tai sao c6 su chénh Iéch nay.
Bo6 qua ma sat va strc can cua khong khi.

Bai giai

a. Ky hiéu o 1a gia toc goc cua 6ng tru. Phuong trinh chuyén dong cua 6ng tru

la



Iao=TR , (1)
trong do T 1a strc cang cua day.
Phuong trinh chuyén dong cta vat m 1a
-T+mg=ma=maR . (2)
O day a ky hiéu gia tdc cua vat, g 1a gia tdc trong trudong. Tir d6 rit ra gia toc
gbc la

o= &Rz . 3)
[+mR
Dong nang cua hé 1a
K=l1o?+ lm(o) R)? (4)
2 2 '
Ta co
h t
h=[dh=Rfodt . (5)
0 0
Mat khac, ta co
oadt=odo=d®)/2 hay odt=1/Q2aq)d®’) . (6)
Thay (6) vao (5), ta nhan dugc
h=R/Q0) o’ hay o’ =2ah/R. (7)

Thay (7) vao (4) va chu ¥ dén (3), ta ¢6 biéu thic cho dong ning ctia hé

K== (1+ Rz)—ﬁf‘%)_mgh. ®)

Nhu vay, dong ning ctia hé bang bién thién thé ning cua vat khdi luong m. 6
chinh 1a dinh luét bdo toan nang luong.

b. Khi 6ng try tich dién quay quanh truc ctia né, éng tru giéng nhu mdt ong
solenoid c6 dong dién chay trong do. Tur truong trong long Ong try la tur truong
déu, hudng song song véi truc éng try. Chia éng tru thanh cac vanh cing c6 do
day dx. Cudng d6 dong dién chay trong vanh tai thoi diém t 1a

I =—2 xR -2 =0 gy 9)
2zRL 2n 2nL
Tur trudng trong long ong tru c6 cam ung tu B
® L Qo
MOoaL T axL T02aL (19)

O day o = o(t) 1a toc d6 goc tirc thoi tai thoi diém t.
Ong tru quay véi gia toc goc o :C(ii—(f, do d6 B tang theo thoi gian. Theo dinh

luat Faraday, trén mat 6ng tru xuat hién dién trudng E c6 phuong tiép tuyén véi
mat try va vudng goc voi truc ong tru. Do doi xtng, dién truong E c6 d 1on
nhu nhau tai moi di€m trén mat tru. Ta co

QR? do
2L dt

b

2nRE = —%(Bn R%)=—p,



hay

po_HoQR (11)
4n L )

Thg:o dinh luétv Lenz, dién trudqg E tac dung 1én Ong truvmé men 11_19 QER
chong lai chuyén dong quay cua ong tru. Phuong trinh chuyén dong cua ong tru
va cua vatm la

Ioo.=TR + QER , -T+mg=ma=maR . (12)
Tur d6 rat ra

mgR
o= 3 73 : (13)
[+mR” +pgQ°R7/(4n L)

Pong ning ciia hé duge cho béi biéu thirc (4)

K :llmz + lm((;) R)2
2 2

Thay (7) va (13) vao (4), ta nhan dugc biéu thirc cho dong ning cta hé

2
K =mgh 2I+mR2 5 : (14)
[+mR” +pyQ°R7/(4n L)
So sanh (14) va (8), ta thdy trong trudng hop Q # 0, dong ning cta hé giam di
so voi truong hop Q = 0. B chénh 1éch dong ndng gitra hai truong hop 1a

1oQ°R’

AK =K(Q=0)-K(Q) =mgh—— 5 5 (15)
4mLfl+mR + 1gQ R >/(4n L)]
Nang luong cua tir truong 1a
2
2
sz—LiﬁnR2L= 1 M)Q o’ nRZL
2u 2ug 2n L
2p 2
—mgh—p MR (16)

4an+mR2+u(gR%anﬂ

Nhu vay, do chénh 1éch dong nang AK dung bing ning lugng cla tir trudng,
nghia 13 thé nang cua vat m chuyén thanh dong ning ctia hé va niang lugng ctia
tu truong.

CAU3
Hai kinh phan cuc khong hoan hao, giéng hét nhau, dugc dat trén duong di cua
chum 4nh sang tu nhién (anh sang phat ra boi mot vat bi dét nong). Khi hudng
phan cuc cta hai kinh song song vé&i nhau, 4nh sang truyén qua hé kinh c6
cudng d6 gap B=10 lan cudng d6 anh sang truyén qua khi huéng phan cuc ca
hai kinh vudng goc véi nhau. Hay xac dinh d§ phan cuc ctia anh sang di qua

a. tung kinh phan cuc riéng biét.

b. h¢ hai kinh, khi hudéng phan cuc cia ching song song véi nhau.

Chu thich :



Do phan cuc P ciia anh sang dugc dinh nghia boi biéu thirc
P:h”—h_
‘IH + IJ_

>

trong d6 Iy va I lan lugt 1a cuong do anh sang co phan cuc song song va

vuong gboc vo1 huong da chon.
Bai giai

Ta c6 thé xem anh sang tu nhién nhu 13 tong ctia hai thanh phan c6 mat phang
dao dong cua véc to dién truong vuong gdc vai nhau va ¢o6 cung cuong do .
Gia st mdi kinh phan cuc cho di qua mot phan o, anh sang c6 mit phang dao
dong song song v4i huéng phan cuc cua kinh, mot phan o, anh sang co6 mit
phang dao dong vudng goéc voi hudng phan cuc cua kinh. Nhu vay, cuong do
anh sang di qua c4 hai kinh phan cuc la

I|| = (112 I() + (122 I() (1)
néu hai kinh c6 huéng phan cuc song song v4i nhau, va
) IJ_:(11G210+(12(1110:2(11GQIO (2)
néu hudng phan cuc cia hai kinh vudong géc voi nhau. Ta co
I, 1 2
L=-= 00 3)
[ B o +a;
Do do, gia thiét a,> a,, ta rat ra
a’l — 0’2 _ B_l (4)

o, +a, - B+1
a. D0 phan cuc cta anh sang truyén qua timg kinh riéng biét 1a
pot1=0 _ Bl 905 (5)
o) +0» B +1
b. Néu huéng phan cuc cua hai kinh song song voi nhau, anh sang truyén qua
h¢ hai kinh c6 d¢ phan cuc la

_a%_a%_al—az(a1+a2)2

P=——= 2 2

ai + a5 0 + 0y o] +0a,

_ [Bolf 2o ) BLf L) 005 (6)
B+1{ o +a’ B+10 B

CAU 4
Hat omega Q" mang dién tich am dugc sinh ra trong phan ing
K +p—o>K°+K"+Q" .
O day, K~ ,K* va K°1a cac meson lan luot mang di¢n tich am, duong va trung
hoa (goi 1a cac kaon); p 1a proton.



a. Dya trén bién doi Lorentz do1 voi van toc, hdy dan ra cong thirc bién doi1 doi
voi xung luong va nang lugng

Y . E E .V 1
Px =70 px+E_2 > Pyz=Pyz> —=Yo| +tPx— | Yo=FT——>
c c C C V2

trong do p,E va f)', E la cac dai luong xét trong hé quy chiéu S va S, hé S’
chuyén dong voi van tée V theo chiéu duong cia truc x trong hé S.

b. Hay xac dinh xung luong t6i thiéu cua hat K™ trong h¢ quy chiéu phong thi
nghiém dé phan Ung ndi trén xdy ra, n€u hat proton dimg yén trong phong thi
nghiém.

c. Gia thiét rang hat Q" duogc sinh ra trong phan ung nay khi hat K™ c6 xung
lugng tbi thiéu. Hay tinh xac suét hat Q" di duoc 3cm trong phong thi
nghiém trude khi phan ra, biét rang thoi gian song cia nd (trong hé quy
chiéu riéng) la t=1,3 10"%s.

Cho biét khéi luong nghi cia K™ ,K*, K°, Q™ va p lan luot 1a 494, 494,
498, 1675 va 938 MeV/c*. B6 qua moi tuong tac ctia hat Q.

Bai giai
a. Bién doi Lorentz doi vdi van toc
va +V Vy,z
X = ' V s Vy,Z = ' V
v A%
1+ Yol 1+—2
0
c? [ c?
Do do6
' 2 2" V2
(Vx + V)" +(vy +v;) 1——02
2 _
v = » 5
v
1+ X2
c
Tur d6 dé dang suy ra

\ v,V
Y=YY0[1+ XZJ ,
C
| 2 2
trong do y_lz l—V—z,y'I: 1—V—2.Tacc')
C C



v, +V - y'y
px =my vy =my % 1 :mY(Vx—i_V)—O
14 %
2
1 1 1 1 1 V
=Yo(my vy +my V)=yo| px +E — | .
c
Tuong tu, ta nhan dugc
Vy,Z ' ’y' '
Py,z =Y Vy , =My : =My Vy;—=Pyz >
| ViV i
Yo| 1+ CZ

E v( V;(V] [myvc2 v vV]
—=myc=mcyyy|l+ 5 |70 +my v, —
C C C
E .V
=Yo| —*+Px—| -
C C
b. Ta co

p=volp + (V) (E/)] , Ele=v[E/k+Vi)p] , (1

trong do p va E, p’ va E’ 1a xung luong va nang luong téng cong cua hé hai hat
truéc phan tmg xét trong hé quy chiu phong thi nghiém S va hé quy chiéu
khoi tam S°, V 1a toc do cua S’ so vo1 S. Ta ¢co

2
p=0, E'=%=\/E2—<cp)2, vz}a/l—(%) . (2)

Dé phan tng c6 thé xay ra, E’ phai thoa man diéu kién
E> (m® +mg +me )ct . (3)
Do d6

\/[\/mzK_c4 + (pc)2 + mpcz]2 — (pc)2 > (mg° + mg +mg )¢

hay

2 2.2
s [(mKO +m . +mQ_) —(mK_ +m,) Jc

2rnp

T (4)

O day, T 1a dong ning cua kaon K. Thay gid tri khoi lugng nghi cua céc hat
vao (4), ta nhan dugc

T > 2698 MeV . (5)
Xung lwong p ciia hat K lién hé véi dong nang T boi biéu thirc
p:%\/(T+mK_cz)2 —mzK_c4 : (6)

Do d6 xung luong tdi thiéu cua hat K~ 1a



Pmin = 3154 MeV/c . (7)

c. Tir (1) suy ra toc d0 V ctia hé S* d6i véi hé S duoe cho boi biéu thirc

P pe
! 2 2 4 2
YoE' E m,c” + \/mK_c + (pc)
~0,764 ¢ . @)

Tuong Ung,
Yo = 1,55
Tbc do cua hat Q" trong h¢ toa do phong thi nghiém b::ing tdc do cua hé S’ ddi
voi hé S, tuc la béng V. Do do, thoi gian can thiét dé hat Q di duoc quang
duong d = 3cm trong phong thi nghiém la
d

t=—=1,30910""s , 9)
\Y%
tuong ing vo1 thot gian riéng cua hat Q° la
tp= =084510"s . (10)
Yo
Vay xéc suat hat Q di dugc 3cm trong phong thi nghiém trudc khi phan ré 13
- tO

W=e T =0,52 . (11)



PE VA PAP AN PHAN THUC NGHIEM
SPhO XV - 2012, Tay Nguyén

HOP DEN QUANG HQC

I. MUC PiCH THi NGHIEM
Xac dinh hinh dang, kich thuéc mot vat khong nhin thiy dugc dwa trén tinh phan xa anh sang
trén bé mit vat.

II. DUNG CU THi NGHIEM

Mot hop hinh tru kin, tir ngoai khong thé nhin théy duoc vat dé bén trong. Biét réng vat dé trong
hinh hdp c6 mat trén va mat dudi 1a hai mat song song cach nhau h = 1 cm va song song vdi hai
mit day cta hinh tru. Cac mit xung quanh cta vat déu 13 cac mit phing vudng goc v6i mit trén
va mat dudi cia vat. Cac mit phang ¢ xung quanh niy déu duoc trang guong dé phan xa tét anh
sang. Vat duogc gén chdt voi mot truc di qua vat va vudng goc voi hai mat trén dudi cua vat, truc
nay trung voi truc hinh try. Tir ngoai c6 thé diéu khién vat quay quanh truc thong qua viéc xoay
nam vin (1). Biét ban kinh hop hinh tru 13 R = 6,25 cm va 16n hon nhiéu so v&i khoang cach tir
truc hinh tru dén cac mat bén cua vat can x4c dinh hinh dang, kichh thuéec.

Bén ngoai hop hinh tru c6 mot bt lade (2) duoc gin ¢d dinh va chiéu mot tia lade theo phuong
vuong goc vai truc va di qua truc hinh try. Khi tia lade chiéu dén gdp mat bén cua vat, tia lade bi
phan xa va tia phan xa tao thanh diém sang rd nét ¢ trén mat xung quanh (3) c6 chia d6 cta hop
hinh tru.

III. YEU CAU THi NGHIEM

1. Bat sang deén lade dé tia lade chiéu dén vat va cho tia phan xa tao thanh diém sang trén mat
bén c6 d6 chia caa hop hinh try. Ban diu dé mii kim chi Gng véi vi tri goc 0° (360°) s& thiy
diém sang phan xa trang vi tri 0. Xoay nam vin 1 dé vat quay s& thiy diém sang & trén (3) thay
d6i. Goi goc quay cua vat so véi phuong tia lade chiéu dén 1a a, goc tao boi phuwong tia lade
chiéu dén va phuong cia truc hinh tru dén diém sang 1a B. Trinh bay bang s liéu va v& do thi
biéu dién su phu thudc cia B theo o voi bude nhay cua o 1a 5°.

2. Tur dd thi biéu dién su phu thudc B theo o, hdy dua ra nhan xét va giai thich vé dang diéu dd
thi thu duoc.

3. Dua trén bang sb liéu va dd thi thu duogc, hdy xac dinh sb mat bén cua vat va gia tri cac goc
giita hai mat bén lién ké cua vat.

4. Trinh bay cach xac dinh hinh dang, kich thudc cua vat bao gom:



- Thiét 1ap cong thirc toan hoc biéu dién mdi quan hé o, B, R va khoang cach r tir truc quay dén
mit bén cua vat ddi véi mit bén cua vat dang khao sat.
- Xéc dinh cac khoang cach tir truc quay dén cac mit bén ctia vat.
- Tinh chiéu dai clia cdc mat bén.
- V& hinh dang va ghi chii trén hinh v& tat ca cac két qua tim dugc bao gom kich thudc, khoang
cach truc quay dén mat, goc gilra cac mat.
Luuy:
- Trong truong hop diém sang lade khong rd nét can thdng bao voi giam thi dé thay pin.
- Tét dén lade khi khong sir dung.
- Khéng can tinh sai s6 cho cac gia tri thu duoc.

HUONG DAN CHAM THU'C NGHIEM

1. Bang s6 liéu va dd thi vé su phu thudc cia 3 theo a v&i budce nhay o la 50,
- Bang s lidu: (1d)
- P thi B theo a: (2d)

) 200 «
5 | B
B ” .” .‘ 150 4 &
300 '0 R ] .
* L 2 /-,'wo 4 » ; b
200 - el b o
’ _/'/ e ] /./ '/- a
100 { o ’00 R % o 0 | §  ww 10 20
+° o ¢ o 50
o ) &° g I . v
0 ‘ T L 2 T ' T o -/. 100 4 | Y
0 100 200 300
-150

2. Nhan xét vé dang diéu db thi thu dugc.
- B thi bao gdm cic doan thing va c6 cic bude nhay gian doan. (24)
- Xét vé tinh tudn hoan, do thi co 03 doan théng, (1d)
3. X4c dinh s6 mit bén cua vat va gia tri cac goc gitra hai mat bén lién k& cua vat.
- X4c dinh sb mit bén cua vat: (2d)
Cl: Dya vao do thi thiy c6 03 doan thing ching to c6 c6 03 mit
C2: Dya vao tia phan xa va tia tdi trung nhau, c6 03 gia tri ciia o thda man ching
td c6 03 mat.
- Xéc dinh gié tri goc giira hai mat bén lién ké:(2d)
Dua trén 3 gia tri o 1a 0, 120, 270° c6 tia toi va tia phan xa trung nhau nén gia tri 3 goc gitra hai
mat bén cua vat 1a 90, 30, 60° (Gid tri thuc cua 3 goc la: 90, 35, 55°)

4. Xac dinh hinh dang, kich thudc cua vat



- Cong thirc toan hoc biéu dién mdi quan hé o, B, R va khoang cach r (3d)
C1: Ly giai va dua ra duoc cong thirc gin dang biéu didn mdi quan hé giira B, o, R va r; (khoang

cach tir mat bén i dén truc hinh try) =2« (1 —%) .

C2: V& hinh va xay dung dugc cong thirc chinh xéc: sin(2a -p ) =2sin a.%

- Dua vao do nghiéng cua cac doan thing trén dd thi vé sy phu thudc B theo a hoic sin(2o — )
theo sina ta dugc cac gia tri ri:
ri=123cm; r,=0,64cm; r3=0,84 cm (3d)
- Tinh duoc ra kich thudc cac canh (3d)
Tur bang s6 liéu vé su phu thudc B theo a ta co:

50

120

Tinh dugc AB ~ 3,2 cm; AC ~ 5,4 cm; BC ~ 4cm.
- V& hinh dang ctia vat: V& va ghi day du cac thong s6 (1d)

HOQP DEN DIEN

I. MUC PICH THi NGHIEM

St dung phuong phap gian tiép dé xac dinh loai linh kién dién tir va mach ghép ni cac linh kién.
II. DUNG CU THi NGHIEM

- 01 Hop kin khong thé quan sat duoc bén trong tir bén ngoai hop, c6 hai ddu ra A va B. Trong
hop chira 03 linh kién dién dwgc méc t6 hop v6i nhau. Mach t6 hop c¢6 2 dau ra duoc ndi voi A
va B.

- 01 Ngudn dién mot chiéu bién ddi co dién ap thay d6i duge tir 0 - 12 V.

-02 Béng hd do dién van nang.

- 05 Day ndi dién.



III. YEU CAU THi NGHIEM

1. V& so d6 mic mach dé khao sat dic trung I-V (Von — Ampe) cua hop den.
2. Khao sat dac trung I-V cia hop den voi gia tri 16n nhat ciia dién dp khdo sat roi trén hop

den 13 8 V va dong 16n nhét chay qua hép den 13 0.8 A.
Trinh bay bang s6 li¢u va vé dac trung [-V cta hop den dién.

3. Tir didc trung I-V cta hop den, xac dinh 3 linh kién trong hop den 1a gi, v& so d6 ghép nbi td

hop ba linh kién d6. Giai thich.

4. Véi cach ghép ndi do, tir dudng dic trung I - V cia hop den co thé tim nhitng gié tri dic trung
ctia linh kién nao? Vi sao?. Cho biét nhirng gia tri dic trung d6. Khong cin tinh sai sd cia céc

gi4 tri thu duoc.

Cho biét: 03 linh kién trén thudc 05 linh kién & dudi. Trong dai dién ap va dong khao sat da

duoc gidi han ¢ trén, dac trung [-V cua céc linh ki¢én c¢6 dang:
| 4 | A

Pién tré thuan Varistor

<V
<

Thermistor ! 14
Pidt chinh lwu

| A
Peén sgi d6t

<v¥

<V

Khi str dung dong hd van ning hiy luu y:

<y

- Nén st dug dong hd nho do dong va dong hd 16n do dién ap khi khao sat dic trung I-V.

- Khi do dong nén dé ¢ thang 10 A va 200 mA.
- Khi do dién 4p nén dé & thang 20 V va 2 V mdt chiéu.



- Trudc khi bat ngudn dién hiy kiém tra k§ chian cim chdt dong hd co phu hop véi thang do

khong (dac biét thang 10 A va 200 mA).

2. Bang s6 liéu ding (2d)

HUONG DAN CHAM THUC NGHIEM
1. V& so d0 mac mach dé khao sat dic trung Von — Ampe cta hop den (24d)

Hop den dién

¢

S

- Dung dugc db thi I-V (3d)

* Néu c}zi khdo sat 1 chiéu (1 nhdnh)i‘ k] d)

V (V) 1(A) V(V) I(A)
0 0 0.4 4
7| 037 ol we ®t
0.23 0.04 <
-6.03| -0.34 i"" , b
0.425 0.07 ? - “ :
-5.35 -0.31 o 0.2
0.586 | 0.09 ’ 1
-5 0.3 . 047
0.836 |0.1 o 05
-4.5 -0.28
0975 |o0.11 08-
-4.1 -0.27
1.265 |0.14 +0
-3.52 -0.24
1423 | 0.17 Hodc do thi:
-2.53 -0.22 »
1.648 | 0.21
-2 -0.189 0.8 -
1.83 0.25 <
-1.79 | -0.163 08— L
2.08 0.3 04 .
-16 | -0.151 Iy
2.2 0.33 — g
-1.43 -0.14 ]
243|038 : B i
-1.115 | -0.133 P 4 :‘.ﬂ"l 2
2.66 0.43 L
1| -0.115 y u=° .
3 0.51
079 | -0.106
3.45 0.61
-0.64 | -0.085
4 0.74
0419 | -0.063
45 0.85
-0.216 | -0.035
0 0




3. Xéc dinh linh kién va so ¢4 méc linh kién tir dic trung I-V.

- Xéc dinh linh kién.

+ Puodng I-V bét dbi xtimg khi dao chiéu dién ap cap cho hop den --> c6 linh kién dibt (2).

+ Trén nhanh I-V xuét hién doan c¢6 1ti 1 thuan v&i V. Nhanh nay dong ting nhanh nén tng voi
didt phan cyc thuan. Poan nay c6 linh kién dién tré khong doi --> 6 linh kién dién tro (24).

+ Trong dai khdo sat voi dién ap roi trén hop den nhd, ca chiéu thuan va chiéu nghich c6 tinh dbi
ximg gidng nhu dic trung dén soi d6t --> ¢6 linh kién dén soi dét (2d).

- V& mach dién t6 hop cua cac linh kién (4d)

St dung cac mach t6 hop c6 thé ¢ cua 3 linh kién rdi phan tich, khép v6i duong I-V thu duge
dé dwa ra mach.

Néu chi dwa ra mach va khong trinh bay viéc phan tich: 3d
4. Chira céac gia tri dac trung

Str dung doan tuyén tinh dé xac dinh gia tri di¢n tr¢ va dién ap ngudng cua diot
4.5 T T v T v T T T T T T T T T T

40- V=451+075 &
3.5 N
3.0— l!( ‘ 7

2.5 v ]

V (V)

204 E
1.5 -
104 1

0.5 1 E

0.0 v T ’ T e T y T T T y T T
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8

1 (A)

- Gid tri dién tré R ~ 4,5 Q (24d)

- Dién ap ngudng cta diét Uy, ~ 0,75 V (2d)

- Bi¢n tré cua dén ¢ nhiét d§ phong: Po dién trd hai dau A, B cua hg den va trur di gid tri R, Rp ~
2,7 Q (14d).



Dé va Dap an trac nghiém

Céu 1. Hai ty dién phang giong nhau c6 dién tich mdi ban tu 1a S va khoang cach giita cac
ban 14 d, gitra cac ban tu 1a khong khi. Tich dién cho 2 ty dén hiéu dién thé U rdi ndi cac ban
tu mang dién cung ddu véi nhau bang ddy dan c6 dién tro khong dang ké. Néu cac ban cua
mot tu dich lai gén nhau véi toc do v va cac ban cua tu con lai dich ra xa nhau cling voi tde
do v thi dong dién chay trong day dan la:

605 1y B. 585 iy c. &8y D, £S5

A.
d’ 2d? d 2d

vU

Pap an: A

Lo giai: Téng dién tich 2 tu: ¢, +¢, =2C,U (1) véi C, = 2205

d, d+vt qu_ClUl_d+vt

D =—11 Q) viU=U,=U
d d-vt q9, GCU, d-vt

Khi cac ban tu dich chuyén thi % =
2

_ gg,S U

Tir (1) va (2) ta duoc ¢, :%COU:”:‘% =

dt

Cau 2. Mot vat sang dat cach man 120 cm. Gitia vat va man c6 mot thau kinh hoi tu, vat dat
vudng goc v6i truc chinh cua thiu kinh. Di chuyén théu kinh trong khoang giita vat va man,
nguoi ta tim dugc 2 vi tri cla thau kinh cho anh rd nét trén man va quan sat dugc anh 16n 16n
gip 9 1an anh nho. Tiéu cy cua thiu kinh va ti s6 do sang giita anh nho va anh 16n 1a:

A.22,5cm; 9. B. 22,5 cm; 81.

C. 10,8 cm; 9. C. 10,8 cm; 81.

Pap an: A

Loi giai: Theo nguyén 1y thuan nghich cta chidu truyén anh sang ta c6 (A4,B,1a anh 16n,
A B, 1a anh nho

d =d, _AB _AB AB _d d, (d 2_9
d,=d] "~ A4B, AB AB, d, d. \d,

Ma d +d/=120cm . Suy ra
d, =d,=30cm
d/ =d,=90cm

= f=22,5m.

- Cuong d6 anh sang tai mot diém ti 1 nghich voi
binh phuwong khoang cach téi ngudn nén quang
thong t6i thau kinh trong trudng hop d, chi bang

d, d

1/9 quang thong t6i thiu kinh trong trudng hop d, (vi d,=3d,).



- Toan bo 4nh sang téi thau kinh s& hoi ty trén anh nén quang thong téi anh A B, chi
bang 1/9 quang thong t6i anh AB,.
- Dién tich anh 16n 4,B, lai gip 81 lan dién tich anh nho 4,8,

= D9 sdng cua anh nho 4,5, gip 9 lan d6 sang cta anh 16n AB, .

Céu 3. Mot 6ng Siphon ding dé 1ay nudc tir binh ra nhu hinh v&. Biét 4p suat khi quyén
P, =10° Pa ; gia toc trong trudng g =9,8m /s* ; khoi lugng riéng ciia nuéc p =1000kg / m’ .

Néu %, =3m thi chiéu cao 16n nhét ctia /, dé ong c6 thé hoat dong la:

M

<—
oQy
LT T Tt

=
T Ty

‘w

A.7,2m. B. 3,6 m. C.3m. D. 10,2 m.
Pap an: A

Loi giai: Phuong trinh Bernoulli cho nudc chay trong dng tai A, M, C:
[
Py +Eva =Py M
1
Pu 5 PV +pgh =y (2)
1
Po +Epviz —-pgh,=p, (3)

O day, py laap suét tinh cia nudc tai diém cao nhat cta dng Siphon M. Tir (3)
vy, =4/2gh, (4)

Vi chat 1ong chay én dinh, khong nén thi v, =v,, = v, =/2gh,

Dé dng hoat dong thi Py 20=p, —%,0.2gh2 - pgh, 20

h<Po_p =72m
pg



Cau 4. Mot radar phat séng vo tuyén co tan sé 9.10° Hz vé phia mot may bay dang bay vé
phia né. Radar thu dugc song c¢6 tan sb co do léch 3.10° Hz so véi song phat ra. Toc do
truyén cua song vo tuyén 1a 3.10%m /s . Toc d6 cua may bay la

A. 540 km/h. B. 360 km/h. C. 180 km/h. D. 90 km/h.
Pap an: C

c+v

Loi gidi: Tan s song té1 may bay: f, =

So

A L, C c+v
Tan so song radar thu dugc: f, = fi= fo
c—V c—V

2v 2v
= 8f == A= > 2y

:>v=l£c=50m/s=180km/h.
2 fo
Cau 5. Cong suit cua buc xa phat ra boi 1 don vi dién tich trong mot don vi thoi gian cua
mot vat den tuyét ddi ¢ nhiét do6 T la oT*. Trong d6 o la héng s6 Stefan-Boltzmann c6 thé
biéu dien qua hang s6 Boltzmann k, toc d¢ anh sang ¢, hang so Plank % theo cong thuc
o = Ak“h’c’ véi A;a; By 1a cac hing s6 khong thir nguyén. (a; f;7) nhan céc gia trj twong

ung la
A. (4;—3;—2). B. (—4;—3;2).
C. (43:2). D. (—4;,-3;-2).

Pap an: A
Loi giai:
Ta c6 cac thir nguyén thé hién qua cac don vi trong tng trong hé SI 1a

[0'] =Js'm?2K™*

[k]=J.K"
[h] =J.s
[c] =m.s”

So sanh thir nguyén cia cac dai lugng tuong tng ¢ hai vé cua cong thitc o = Ak“h’c” hay
Js ' mP K= (J.K'1 )a (J.s)ﬁ (m.s'1 )y ,tasuyra
a=4, f=-3,y=-2

Céu 6. Mot electron khdi lwong m dugc gia tbe bang hiéu dién thé U c6 budc song de
Broglie 1a 1. Budc song de Broglie cia mot proton c6 khdi lwong M ciing dugc gia téc bang
hi¢u dién thé U la



A A B. 1% c. M p. M
M M m m
Pap an: B

Loi giai: Lién hé gitra dong luong va bude song cua vi hat p=h /A (cong thuc de Broglie),

dong lugng va nang lugng F = p2 /2m cho hat c6 khdi lvgng nghi khac khéng. Do d6

h omE h
=—=2mE A=
P A N 2mE

A

Y _|mE _|meU ., _m

A ME, M eU ’ M
CAu 7. Gia st do chién tranh hat nhan ma Trai dit bi bao boc kin bdi mot dam may bui méng
khéng 16 ¢6 kha nang hép thu va birc xa hét nhiét lugng ma mat troi cung cép cho Trai dat

hién nay. Hoi khi d6 trai dat s& nong 1én hay lanh di toi nhiét d6 1a bao nhiéu néu trudc d6 né
¢6 nhiét d6 trung binh 1a T, =300 K.

Ttr d6 budce song de Broglie cua proton 4, la

A. T=248 K B. T=312K C.T=252K D. T=325K

Papan: C

Néu Trai dat bi bao boc kin bai 16p bui hép thu hoan toan nhiét lwvgng Q ma mat troi cung cép
cho Trai dat khi chua bi phu va nhiét lugng ma né nhan dugc bay gio chi la Q/2 (do nua kia
Q/2 blic xa ra ngoai). So sanh cong suat birc xa can bang trong hai truong hop trai dat khong
bi va bi 16p bui phu ta co:

0T, =26T' . T=T,/2"=252K

Céu 8. Hai chat diém c6 cung khéi lugng m chuyén dong tron déu trén ciing quy dao co ban
kinh R dudi tac dung ctia luc hp dan giira chiing. Tc d6 cia mdi chat diém la

A.v=L L B.v=1/£.
2R\ Gm 2
C.vzl,f@. D.v=4/4G—m.
2V R R

Pap an: C

2 2
Loi giai: Luc hap dan déng vai tro lyc huéng tim nén Gm > = W oy= 1 /Gm .
2 R) R 2V R

Cau 9. Moment quan tinh cua mét thanh déng chat khéi lugng m, chiéu dai 2/ ddi véi truc
quay di qua tdm thanh va tao voi thanh goc « 1a

2 2

ml* . .
A. sin‘ & . B. sin’« .




2 2
ml

m
C. cos’a. D. cos’ .

Pap an: A

2

Loi gidi: Véi a=90° thi [ = mi nén dap an trong treong hop nay la A.

Cau 10. Mot thanh ddng chat khdi luong M, chiéu dai L c6 thé quay quanh khép di qua trung
diém cua thanh. Hai ddu thanh dugc ndi véi 2 16 xo0 c6 d9 cing &, va k, nhu hinh v&. Bé
qua moi ma sat. Chu ky dao dong nho cua thanh la

LLLL

ki

k;

zl—M
6(k1 +k2)
12(k, +k,) (k,+k,)

Pap an: A

B.2
D. 2

Loi giai: Khi thanh quay duoc goc ¢, dd dich chuyén mdi dau thanh Al = %(p va van toc

gbc cua sy quay léa)zfj—f. Do co nang 1a bao toan:
2
l/’clAZ2 +lk2Al2 +1ML " = const
2 2 2 12
1 L , 1ML
—(k,+ k)~ ¢* +— " = const
2(1 2)4 HAPET
2
Dao ham 2 vé theo ¢ ta dugce (&, +k2)¢)+%c;t? =0
) A . M
Suy ra chu ki dao dong nho cia thanh 7' =27 | ———
3(kl +k2)

Cau 11. Mdt vong day tron ban kinh R dugc tich dién voi mat 3o déu A.Do 16n cua cuong
d6 dién truong tai diém nam trén truc cua vong day va cach tdm vong ddy mot khoang R 1a



L2 g kA c 27k 7k

" V2R " 2R R R

Pap an: A

Loi giai: Xét 2 doan day rat nho chidu dai d/ nim ddi xing qua tdm vong ddy. Dién truong
do 2 doan day nay gay ra tai diém dang xét hudng doc theo truc do6i xting cua vong day va co
do 1on:

dE = 2_k/1cll cos45’ = kadi

2R V2R?

Lz kA kA
Lay tong theo toan bo vong day ta duoc E = 7R=

ytong gday NeT S NT:

Cau 12. Néu chat ban dan tinh khiét dat trong dién truong c6 cudong d6 E thi do linh dong
cua electron ty do 4, va d¢ linh dong cua 10 trong 4, duoc xac dinh boi v, =, E5 v, = 1 E
(voi Z,Z 14 vén toc cudn trung binh cua dién tir va 16 tréng). Biét mat do cua electron, mat

d6 15 tréng bang nhau va bang # trong ban dan tinh khiét (con goi 13 ban din riéng). Dién tro
suat ctia ban dan 1a

1 1
A ——— B. ———
ne(u,+ ) ne(p,—u,)
C. ne(un+,up) D. ne(,un—,up)

Pap an: A
Loi gidi: Xét mot khdi ban dan co tiét dién S, chiéu dai /, hai dau khdi duge ndi voi hiéu dién
the U. Cuong do dong dién chay trong khoi nay:

Ag neSv_nAt + neSZAt —

I= v Y = neS(vn +Z)

TheoDLOhmthiR:%:gz U

I neS(v_n+Z)

N U _ E _ 1
P nel(v_n+Z) ne(,unE+,upE) ne(,un+,up)

Cau 13. Ngudi ta mudn 1am néng mot lwong khi 1y tuong c6 khdi lugng 2kg 1én 5K. Néu qua
trinh thyc hién ¢ ap suat khong ddi thi can cung cp cho khéi khi nhiét luong 9,1 kJ. Néu qua
trinh thuc hién & thé tich khong ddi thi can cung cap cho khdi khi nhiét luong 6,5 kJ. Khi trén
la
A. Nito B. Oxy C. Heli D. Argon

Pap an: B



Léi gidi: Tacé 9,1.10° =2 C,AT va 6,5.10° =22 C AT
H z

Trir vé v6i vé cua 2 phuong trinh trén: 2,6.10° = T RAT
U

Thay sé tim duoc x=0,032(kg/mol). Khi da cho 1a Oxy.

Cau 14. Meson 7* dugc sinh ra trén ting cao ciia khi quyén c6 thoi gian song
Ar=2,2.10"s va chuyén dong véi tbe do 0,99999999¢ . Quing duong hat di duoc cho t6i
khi bién mat 1a

A.46,7m B. 6,6 m C. 6,6 km D. 46,7 km.

Pap an: D

At

2
»
==
C

~1,5556.107"s

Loi gidgi: Trong HQC gan voi mit dat, thoi gian sdng cta hat 1a A’ =

Quang duong hat di dugc 1a v.At' =46, 7km

Céu 15. Mjt ddy dan hinh try ban kinh R, gom 13i c6 ban kinh R (R, =2R,), dién tré suét
£, vavo la phan con lai ¢6 dién tré suat P, =2p,. Dong dién c6 cuong do I chay trong day
dan d6. Cam ung tur tai diém céch truc cta day mot khoang r =1,5R, c6 46 1é6n
A 0,751 B. 0,65u,1 C 0,85, D. 0,9544,1

37R, 37R, 37R, 37R,
Pap an: B

Loi gidi: Dong dién gém I, chay trong 161 va I, chay trong vo:

I R} 2
L+1,=1va Lops_ pR 2 =1, =21; 1, -3

I, S, p B p](Rzz_Rlz) 3

. z(r’-R’
Dong dién chay trong phan day gidi han boi ban kinh r1a I'=1, + Iz.g =0,651
7(R; —R})
0,65,/

Ap dung dinh ly Ampére: B.2zr=ul' = B=
37R,

Céau 16. Chu trinh Carnot 1y twéng hoat dong giita ngudn nong cé nhiét do T, va ngudn lanh
co nhiét do 7, hoac nguén nong co nhiét do 7, va nguén lanh c6 nhiét d¢ 7, thi hiéu suét

déu bang H. Néu chu trinh hoat dong giita ngudén nong T, va ngudn lanh T thi hiéu suat 1a

A. H> B. 2H + H? C.2H-H> D. VH



Pap an: C

Loi gidi: Taco H=1-11=1-12
Lo
T TY
H'=1-—t=1-| | =1-(1-H) =2H - H’
T T,

Cau 17

1. Mot chat diém chuyén dong trong mit phang Oxy qua diém (0,1). Biét rang tai diém c6 toa
d6 (x,y) trén quy dao van toc ciahat1a v =yi —x; v6i i va j lan luot 1a cic véc- to don
vi hudng doc theo chiéu duong cua truc toa d6 Ox, Oy. Quy dao cua chét diém la:

A. thing B. tron C. hypebol D. parabol

Pap an: B tron

vxzﬁz ; vyzﬁz—x: d—yz—izd(szryz):O
dt dt dx y

= x’ + y’ = const

const=1 vi quy dao qua diém (0,1) vay quy dao chat diém l1a duong tron ban kinh 13 1 va c6

tdm & goc toa do.

Cau 18. Khi Oxy & nhiét d6 phong (27°C ) va ap suét khi quyén (10° Pa) c6 quing duong tu
do trung binh vao khoang 0,11um . Dudng kinh hi€u dung d cua phan tir khi Oxy la

A. 2,9A B. 29A C. 6,5A D. 85A
Pap an: A

NP . . 1 1
Loi giai: Quang duong ty do trung binh A =——=4d =

— (1)
2rd*n 270

Vi thé tich 1 mol khi 1a ¥ = &L , nén mat do phan tir khi bang n = % = % thay vao (1)
p

RT

tacd: d= |[=————
\/Eﬂ/”LNAp

8,31.3.10°
1,41.7.0,11.10°.6.10%.10°

Thay sé tim duoc d :\/ ~2,92.10"m; d =2,9A



Cau 19. Mot positron (hay antielectron) c6 dong nang 750 keV bay t6i va cham voi mot
electron ding yén. Do su huy cip, 2 photon c6 cing ning lugng duoc sinh ra. Cho khdi
lugng nghi cua electronm, =9,1.107" kg;c =3.10°m/ s . Géc tao boi 2 photon nay 1a

A. 30° B. 60° C. 120°. D. 99°

Pap an: D

Loi gidgi: Theo PLBT néng lugng: 2m,c’ + K = 2hf

1

R 2] Ep/h-
Theo DLBT dong lugng cos— =
2 D,
‘ JE-E> (E,+K) —E} J2KE,+K’ W 2mt+K
Ma pﬁ+: = = ’p;/:_:—
c c c c 2c
J2KE, +K* .
nén cosg = 0 = ! = ! =0.65. Thay so ta dugc
2 2E+K 2m,c? 2.9,1.10°.9.10'
I+—— I+ e
1,2.10
dap an D.

Céu 20. Mach dién gdm ngudn dién c6 suit dién dong E va dién tré trong r; dién tré R; cudn
thuan cam L va khoa K méc ndi tiép. Chon gdc thoi gian tai thoi diém déng khoa K. Dong
dién trong mach c6 dang:

7R+rt 7it
A i= £ l-e © B.i= E 1—e R+
R+r R+r
R+r R+r
C.i= £ el D.i= E l-el
R+r R+r
Pap an: A

Loi gidi: BL Ohm cho toan mach:

E .
—1
—E+i(R+7) +L—: '[ E =f RET gt =1 R+Er =—Rzrt
- [
R+r R+r

7R+r
=i= E (l—e Ltj
R+r



BO GIAO DUC VA PAO TAO OLYMPIC VAT LY SINH VIEN TOAN QUOC LAN THU XV
HOI VAT LY VIET NAM DAI HOC MO-bPIA CHAT - 2013
PHAN GIAI BAI TAP

CAU 1

Mot 1y thuyét cii vé birc xa ctia Mit troi cho rang nang luong bl xa cua
Mit troi ¢6 ngudn gde 1 ning luong hap dan ciia né va tinh lugng nhiét toa
ra khi Mt troi thu nho lai v6i ban kinh giam tir R; dén R,=0,9 R,. Gia thiét
rang Mit troi 1a mot qua cau dong nhat c6 khdi luong riéng khong phu thude
vao khoang cach to1 tam Mat troi. Hoi luong nhi¢t d6 du cho Mat troi buc xa
trong bao nhiéu nim néu cudng do ctia birc xa Mit troi 1 hing sb trong sudt
thoi gian Mt troi thu nho lai. Nhiét d6 ctia Mt troi ting thém bao nhiéu néu
su co lai d6 dién ra tirc thoi. Gia thiét réng nhiét dung riéng cua vat chét tao
nén Mat troi 1a 4,18 kJ/kg.do.

Cho biét Mat troi co: khdi lwong 1a M=2.10" kg; ban kinh trung binh
R;=6,95.10° m; hang s6 hap din G=6,67.10""" m’/kg.s* ; khoang cach trung
binh tir Mat troi dén Qua dét 1a D=1,5.10"" m; hang sb Mit troi 4 13 ning
luong buc xa cia Mt trdi trong mot don vi thoi gian di dén mot don vi dién
tich trén mit phang dit vudng goc véi tia buc xa va nam & khoang cach xa
Mit troi bang mot don vi thién vin (gan bang khoang cach trung binh giita
Mit troi va Trai dat), 4=1,39 kW/m’ .

Bai giai

Ta tinh ning luong hap dan cta Mat
tro1 dugc coi nhu mot qua cau déng
nhat ban kinh R, khdi luong riéng p.
Thé ning hip din cua 16p cau khoi
luong dm nam gitta hai mat cau ban
kinh 7 va r+dr c6 thé tich 4m’dr M
nam trong truong hip dan cua phan

khéi lugng m hinh cAu thé tich %’%3

(xem hinh 1) 1a Hinh 1



mdm _ (47[)2
r

dU =-G Gp*ridr

Nhu vay, ning luong hap dan (bang thé ning hap din) cia Mt troi 1a

2 R 2
U-_c@7m) pzjr4dr=—G(47z) 2R
. 35
2

O day, ta da chon thé n:Zlng hép dan tai o la b.':ing 0. Khi Mat tro1 thu nho lai,
ban kinh giam tir R; dén R,, nhiét lugng toa ra bang do gidm cua thé ning
hap dan Q=AU

SBom? L L
cefyd)

Dt céc gia tri sé vao (2), ta dwoc 0=2,6.10% J .
Nang lugng Mat troi blrc xa trong mdt nam ra khong gian vii tru 1a
Ey=4zD’ A .3600 .24 .365=1,2.10>* J/nam .

Y

Do do, nhiét luong Q du dé bt xa trong thoi gian KA =217. 10%nim .
0
Néu sy co xay ra tirc thoi thi nhiét d6 Mat troi tang thém

AT=_Y ~3,1.10° °C
CyM

CAU2

Mot tén lira c6 khéi lugng ban dau M,, phut nhién li€u ra vdi van tbe khong
ddi -u (u > 0) so v6i tén lira. Theo Co hoc phi tuong dbi tinh, mdi lién hé
giita khoi luong M cia tén lira va van toc v cia no trong hé quy chiéu quan
tinh ban du khi n6 dimg yén (hé qui chiéu PTN) dugc cho bai biéu thirc

o[-



1. Hay dan ra cong thurc trén.

2. Gia thiét rang van tdc phut ra ctia nhién liéu bi giéi han boi diéu kién
O0<u<c ,

trong d6 ¢ 1a tc do anh sang trong chan khong. Hay dan ra biéu thirc cho

M | M, trong truong hop twong dbi tinh. Trong diéu kién nao két qua nay quy

vé két qua caa Co hoc phi twong dbi tinh?

Vi téc d6 cua tén lira nho so véi toc do anh séang ¢ nén c6 thé ap dung Co

hoc phi twong di tinh ddi voi chuyén dong cua tén lira. Khéi luong cia tén

ltra duoc coi 1a rat 16n so véi khéi luong nhién li¢u phut ra.

Bai giai
1. Truwong hop khong twong ddi tinh
Xét h¢ qui chiéu khoi tm K cua tén lira trude khi phut nhién liéu tai thoi
diém ¢. Tén lira c6 khéi lugng M va van toc bang 0. Sau khoang thoi gian rat
nga"m dt, & thoi diém ¢ ’=t+dt, van tdc cua tén lia trong hé qui chiéuK1a dv .
Khéi luong cia tén lra M thay doi mot lugng dM<0, con khdi luong nhién
li¢u phut ra 1a |[dM)|. Ap dung dinh luat bao toan dong lugng ddi vaoi hé kin
gdm tén lira va khi phut ra trong hé qui chiéu K, ta co
[M+dM]dV + u |dM| ~M dV -u dM =0 , (1)

hay

MdV=-udM . (2)
O day, ta da bo qua s6 hang bac hai cta cac vi phén.
Chuyén sang hé quy chiéu PTN. Luc ban dau, t=0, tén lira dng yén trong
hé nay. Tai thoi diém ¢, trude khi phut khdi lugng nhién liéu |[dM|, tén lira
chuyén dong véi van toc ¥, khéi luong cia tén loa 13 M(z). O thoi diém
t’=t+dt, sau khi phyt khéi lwong nhién liéu |[dM|, van tdc cua tén lira ting
mot luong d V. D0 tang van tde tén ltra trong h¢ qui chiéu khdi tdm va trong
hé qui chiéu PTN bang nhau, dv =dV (diéu nay khong ding trong co hoc
tuong ddi tinh). Do d6, phuong trinh (2) duoc viét lai 1a

Mdv =-udM



Chu y dén diéu kién ban dau v(r=0)=0, phuong trinh nay cho 10i giai

Mﬂoze(ﬁ | 3)

2. Truong hop twong ddi tinh

Trong hé qui chiéu khéi tAm K, sau khoang thdi gian df, khoi luong nhién
li¢u phut ra 1a dm, van tdc cua tén lira 13 dV va khéi lugng cua nd la
M~+dM, dM<0. Pinh luat bao toan dong lugng va bao toan nang luong cho
ta cac phuong trinh

dm -

(M +dM)dV + u=0 (4)
u2
==
C
M2 =" A +(M+dM)? . (5)
u2
==
C

Pé nhan dugc cac phuong trinh (4) va (5), ta di 1y gan dung

;2%1 .
@
C

Bo qua sd hang béc hai cta céc vi phan, phuong trinh (4) quy vé phuong
trinh

_Mav=—m (6)
u2
==
c
con phuong trinh (5) cho
=" (7)
v
2
c

Két hop (6) va (7) ta nhan dugc phuong trinh tuong ty trong truong hop
khong twong dbi tinh (2)

MdV =dMu  hay  MdV =-udM (8)



Trong hé qui chiéu PTN, van tdc cua tén lua trude khi phut nhién li¢u la v,
sau khi phut 13 ¥ + d¥ . Cong thirc chuyén vén toc tir hé qui chiéu K sang hé

qui chiéu PTN trong truong hop tuong dbi tinh cho ta

prdy=" TV 9)
1+-dv
c
B0 qua s6 hang bé béc hai cta cac vi phan, ta c6
av =— - (10)
%
==
c
bat (10) vao (8) ta co
dM dv
=— 11
Y- -
C
hay
dM dv _ 1| dv N dv . (12)

= — 3 e —
M u[l_VJ ulp VoY
c? c c

Tich phéan (12) véi diéu kién ban dau M = M, , v=0 tai =0 cho ta

M (1-p)
(1+ﬂ] ()

MO
véi f=2 . Néu f<< 1, st dung gin diing ¥ ~1+ x khi x <<1, thi (13)

C
trg vé trudng hop khong tuong ddi tinh (3)
-]
M
My



CAU 3

Trong khe ho ¢ gilra hai cuc tron

(ban kinh R=5cm) cua mdt nam
cham dién c6 mot tir truong déu
vo1 cam Ung to B=17. Mgt thanh
kim loai chuyén dong trong khe
trén v6i van téc khong doi
v=10m/s (xem hinh v&). Biét rang

thanh dai 2R va hai dau cia n6 dugc ndi bang cac diy dan mém vé1 mot

mach gém mot nguén dién c6 s.d. d. E, = 0,5V, va hai didt C; va C, s& phat

quang khi hiéu dién thé [U|=0,25V va c6 cyc tinh x4c dinh nhu chi ra trén

hinh v&. Coi rang ban dau thanh tiép xuc véi vong tron (tic 1a bat dau

chuyén dong cit ngang cac dudng stc tir). Hiy xac dinh dién 4p U(¢) trén

cac quang diot va tim céac thoi diém ma tai do cac didt nay sang va tat trong

sudt khoang thoi gian thanh chuyén dong trong tir truong (0<¢<2R/v).

Dung phac d6 thi cia ham U(r) va chi ra trén d6 khoang thoi gian tit cua cac

di6t C; va C..

Bai giai
Khi thanh chuyén dong trong tir trudng,
trong thanh xuat hién s.d.d. cam tng

|Em|=‘i—<f . D6 16n cua s.d.d nay phy thudc

thoi gian. D4u cua E., c6 thé duogc xac
dinh dua vao biéu thic cua lyc Lorentz
hodc tor dinh ludt cdm ung dién tur cua
Faraday. Tom lai, ta thu dugc so dd mach
dién kin twong duong nhu trong hinh 2.
Luu ¥ rang E., va E, mic xung dbi nhau.
Béy gio ta tim sy phu thudc cia E., vao
thot gian.




Theo diéu kién ban dau, thanh tiép xuc voi bién ciia ving co tir truong Téi
thot diém ¢ , n6 di chuyén dugc khoang cach CD=vt (xem hinh 3). Dung
hinh hoc dé dang tinh dugc diy cung AB:

AB =24D =2\|R* —(R—vt)* =2,Jvt(2R—v1) . (1)

Hinh 3

Do bién thién tir thong trong thoi gian Ar bang Ag = B.4B.vA:. Tir dy ta tim

[Ecu| = 2Bvy/vt(2R —vt) : (2)

D@ dang thay ring s.d.d cam ung dat cuc dai khi r=R/v, va

duoc

IEculmax=2BVR =1V
T do

U(t)=E,—2Bv, /vt(ZR — vt)

Db thi U= U(t) c6 thé v& phac nhu & hinh 4.

Hinh 4

e,

- ah




Tir d6 thi ta thdy quang dibt C, s& phat sang khi U > 0,250 (theo dé bai), tirc
la trong 2 khoang thoi gian [0,7] va [7,.¢,] trong d6 ¢, =2R/v. Con quang
didt C, s& phat sang khi U <—0,25V, tirc 1a trong khoang thoi gian [,.1,].

Bay gid chung ta s& tim cac thoi diém ¢ va . Cac thoi diém « va 1, ciing
s& tim duoc tir tinh dbi xung cta 46 thi: , =¢,—¢,, ¢, =, —¢. Tir d0 thi ta thdy

t, va t, 1a nghiém cua phuong trinh sau:

1
Eo-2Bv\|vt,, (2R -vt,,) = 0,25 = T
17 1)
E,—- Ey——
4 2, 2 2 2R , 1 0 4
=2Rvt, , -Vt ha o, ——t, +— =1
2By 1,4 1,4 y 1477l 2| 28y

Luu ¥ rang [Eculmax=2BvR =1V, con E, =0,5V". Thay vao phuong trinh trén

va sau mot s6 phép bién doi don gian, ta dugc

, 2R 1 R?
f1)4 —7l1,4 +R7:O

y _R 17:\/E =5.10°(1£0,97)s .
v 16

Cuthé1a ¢, =150us va t, = 9,85ms . Tuong tu ddi véi 1, va ¢, ta co

Giai ra ta duoc

g+ 2R, +LR—2—
2y P 1602

0

Giai ra ta duoc

s :E lﬁ_L\/z =5.107(1£0,66)s
v 16

Cuthé1a ¢, =1,8ms va t, =8,35ms



CAU4
Gan sat dau trai cia mot tAm trong sudt duge danh boéng tdt, co chiét suit n,
c6 dit mot ngudn sang S (xem hinh v&). Cho bé day cta tim H =lcmva
chiéu dai cta tdm L=100cm. Anh sang tr ngudn téi dau trai cia tim dudi
moi goc tir 0-90°. Téi mat nguoi quan sat (& dau phai) c6 ca cac tia sang di
thang ciing nhu céc tia sang bi phan xa toan phan nhiéu lan & cic mat bén
clia tAm.
1. Hoi tia phat ra tir ngudn va di ra & dau phai ciia tAm c6 thé bi phan xa
toan phan toi da bao nhiéu 1an? Giai bai toan trong hai trudng hop: a)
n=n =173 vab) n=n=1,3.

2. Hay cho biét truong hop nao trong hai trudng hop noéi ¢ trén, mot
phan anh sang di di ra mét qua cac mat bén.

H|S

Bai giai
Ta khao sat sy truy€n cua tia sdng tir nguén khuc xa & dau trai cua tam (hinh
5). Goc khice xa cuc dai (3, ) ¢ mat phang dau trai ing voi goc tdi a =90°.

Theo dinh luat khuac xa, ta co6:

) ) ) 1
1.sin90° =nsinB, = sinf,  =— : (1)

n

Almin
Hinh 5
H
Do vay, goc toi cuc tiéu & mat bén cia tAm br;“lng

(Dmin = 900 - ﬂmax . (2)

9



Su truyén cua tia sang trong tim s& phu thudc vao tuong quan gitta ¢_ va
r s 4 \ /‘\ . 1
goc gidi han phan xa toan phan ¢, (sing,, =—).
n

1/ Truwong hop 1. Cac tia sang chi truyén trong tam, khong lot ra mit bién

cua tam, nghia la tat ca cac tia sang di vao dau trai cua tam déu bi phan xa
toan phan ¢ mat bén, tic 1a
. . 1
qpmin 2 gh hay sin (Dmin > sin quh = ; : (3)

Mait khac, theo (1) va (2), ta co

) _ _ I n*—1
Sln(ﬁmin = CO0S —— —?— . .

Thay vao bdt (3), ta duoc

n®—1

n

zl = n-1>1 = n>2
n

R& rang diéu kién nay duoc thoa man chi v6i n=mn =1,73. Tu day ta dé
dang tinh duoc khoang cach cuc tiéu gitta hai diém phan xa trén hai bién:
1

2
) — n -1
(Al) = Htang,, = H > Puin _ p 11 = Hn’ -1
min COS(Dmin i

n

Vay s6 lan phan xa cuc dai trén bién cua tam la

N, = Lﬁ_l = #4_1
VLA, 2| | Hn-1 2

O day ky hiéu [ ] chi phan nguyén ctia mot s6. Thay sb vao ta dugc

100 1
N =| ———+-|=71
1 [14/1,7321 2]

2/ Truong hop 2:

. . 1
(Dmin < wgh hay sin (Drnin <sin (Dgh = ;
Khi do6 céc tia sang t61 mat bén cia tam vdi goc to1 nam trong khoang gitra
Puin VA @, S€ chi phan xa mot phan, phan con lai truyén ra ngoai va khong
di dén dugc dau bén phai cta tam.
Lam tuong ty nhu trén ta tim duoc

10



2_
nol L i< = a<2

n n
R& rang trudng hop nay tng v6i n=n, =1,3<~/2 . Khi d6
1

Sin @, _ o __H
1 2
COS Py, —Jn’ -1 NI
n,
Vay s0 lan phan xa cuc dai trén mat bén cua tam la

2_
N AN L P
(Al)min 2 H 2

Thay s0 vao, ta dugc

Lyn’ -1 2 _
Nz_[n_lgHMm,s}_%

(Al) =Htang, =H

H 2 1

11



BO GIAO DUC PAO TAO HOQI VAT Li VIET NAM
Olympic Vit Iy sinh vién Toan qudc 1an thi XVI
pé thi THU'C NGHIEM
(Thoi gian lam bai 180 phut)

XAC PINH GIA TOC TRONG TRUONG BANG CON LAC PON
VA CON LAC VAT LY

I. Co s& 1y thuyét
1. Con lic don
Con lic don gém mot vat ndng c6 kich thude nho, khdi lugng m, dugc treo &
dau mot soi ddy mém khong din c6 do dai ¢ va c6 khdi lugng khong dang ké.
Véi cac dao dong nho thi con lic don dao dong v6i chuky T =2x \/Z
g
2. Con lac vat ly

Con lac vat li dugc dinh nghia 1a mgt vat ran bat ki chju tac dung cua trong
lyc va thyc hién cadc dao dong nhé quanh mot truc nam ngang khong di qua khoi
tam.

Chu ky T cua con lac vat 1i duoc cho bdi T =2x ! .
\ Med

Trong d6: M\ 1a khéi luong vat ran; d 1a khoang cach tir truc nim ngang toi

khéi tAm va I 1a momen quan tinh ctia vat ran ddi véi truc dang xét.
I1. Dung cu thi nghiém

1. Dé ba chan bang sat.

2. Hai thanh inox crmg, mot thanh dai va mot thanh ngan. Thanh ngin co
ge‘in truc nho & mot dau.

Gia dd kep cac truc bang thép.

Thudce do.

Day lam bﬁng SO1 téng hop, manh, khong dan mdt dau budc vién bi thép.

S

Cong quang dién hong ngoai, diy nbi va gidc caim dugc ndi sdn voi dong
hé do thoi gian hién sb.

7. Pong hd do thoi gian hién sd, co hai thang do gidy (s) va mili gidy (ms).
Pit ché d6 cho mdi lan do nhu sau:



- Bé thang do gidy (s).

- An nt reset, doi mot chut cho chu ky dao dong 6n dinh.

- Chon mode do (1 chu ky; 10 chu ky; 20 chu ky).
Sau khi chon mode, méy sé& tu dém sé chu ky va thoi gian cho téng sb cac chu
ky d6. Két thiic hién thi tong thoi gian.

8. Mot hinh tru rdng dong nhat (khdi M m
luong M) trong c6 gin vién bi kim loai (khé} (] ooo000 ‘ )
lugng m). Hinh try dugc khoan cac 16 nho dé B
c6 thé cdm mot truc vudng goc va di qua truc
cua hinh try, sao cho hinh tru dugc treo trén truc nay co thé dao dong dugc trong

»!
>
!
1

!

mit phang thang dimg. Khoang cach gitra cac 16 1a 1,5 cm.

Pong hd do thoi gian

L

Truc d5, gia do

B —

Hinh tru chira vién bi

II1. Yéu cau thi nghiém
1. Khio sat dao dong nhé ciia con lic don (10 diém)
1. Khao sat anh hudng ciia d6 dai 1én chu ki dao dong ctia con lic don.
Piéu chinh day treo dé con lic dao dong véi cac do dai day ¢ khac nhau, xac
dinh thoi gian # dao dong toan phan dé xac dinh chu ki T.

- B4 tri thi nghiém va tién hanh do dac thu thap s6 liéu (bang s6 liéu);



- T bang s6 li¢u, v€ do thi biéu dién su phu thudc cia T vao chi€u dai
con lac. Rat ra nhan xét.

2. Xac dinh gia tdc trong trudng.
Duya vao bang sd liéu do duoc ¢ trén, trinh bay cach xt 1y s6 liéu dé dua ra
gia tri gia toc trong trudng g tai noi lam thi nghiém.

2. Khio sat dao dong nhé cua con lic vat ly (20 diém) B

St dung hinh tru rdng c6 gin vién bi dé khao sat nhu mot con
lac vat Iy. X
V4

1. Trinh bay phuong phap xac dinh vi tri khéi tim cua hé hinh
tru co gén vién bi. Xac dinh gia tri Xg.

2. bé xac dinh gia tri gia toc trong truong g, ta khao sat chu ky ]

dao dong T ciia con lic vat 1y theo khoang cach d tir tryc dao dong 9
dén khéi tam G. Hay:
- Xay dung cong thirc can thiét va noi cach xac dinh g;

- B4 tri thi nghiém va tién hanh do dac thu thap s6 liéu (bang s6 liéu);

- Xu ly s6 liéu dé nhan duogc gia tri g.

3. Xac dinh gia tri z (vi tri vién bi so v6i mot dau hinh tru) va ti s khoi
lugng M/m.

Bo qua anh hudng ciia céc 16 nho dén tinh déng déu cia hinh try réng. Cho biét

momen quéan tinh cua hinh tru rdng dong chat, chiéu dai ¢, khdi lugng M dbi
2

v6i truc quay qua khéi tim va vudng goc véi truc hinh tru 1a 1= . Vién bi c6

thé coi nhu mot chat diém co6 khéi luong m.



OLYMPIC VAT LY SINH VIEN TOAN QUOC
PAI HQC SAI GON - 2014

CAU HOI TRAC NGHIEM

Cau 1. Cho ba qua cau kim loai giéng hét nhau A, B, C. Hai qua ciu A va B tich dién
bang nhau, dit cach nhau mét khoang 16n hon rat nhidu so véi kich thudc cua chung,
Luc tac dung gitra hai qua cau nay 1a F. Qua cau C khong tich dién. Nguoi ta cho qua
cau C tiép xc v4i qua cau A, sau d6 cho tiép xuc v6i qua cau B, rdi cudi cung dua C
ra rat xa A va B. Bay gi0, luc tinh dién giita A va B 1a

A. F/2
B. F/4
C. 3FR8
D. F/16

bapan: C
Liic dau, dién tich ciia qud cau A va B bang nhau va bang q. Cho qud cau C tiép xiic
voi quad cau A, dién tich cua A bang dién tich cua C va bang q/2. Cho C tiép xiic voi

B, dién tich ciia B va C bang nhau va bang 3g/4. Do dé, lic tdc dung tirong hé giita A
va B bay gio la 3F/8.

Cau 2. Trong thi nghiém vé hién tuong quang dién, nguoi ta dung ba ban kim loai
khac nhau (ky hi¢u 1, 2, 3) c6 cong thoat lan luot la 1 =2,0eV, g2 =2,5¢V, va @3 =
3,0 eV. Mot chum anh sang khong don sdc gdbm 3 bude song 550 nm, 450 nm va 350
nm ¢ cudng do nhur nhau chiéu vao timg ban kim loai. D6 thi I-V nio mé ta dung thi
nghi¢m?

1 I
| —1 | —3
N N
A B
| I
1 37_ 3 1
7/ )\ 77/
vV A\
C D



Papan: A
Nang luwong cua photon wng voi cdac buoc song da cho la

E;, =hc/A=226eV , E;, =276eV , E;, =355¢eV .
Doi voi kim logi 1, ca 3 budc song déu co thé gay ra hiéu ung quang dién. Voi kim
loai 2; chi co cac buoc song A; va A3, con doi voi kim loai 3 t}’zz‘ cigi co buoc song A3 la
co thé sinh ra quang-dién tu. Vi vdy, dong quang dién lon nhat doi voi kim logi 1 va
nho nhat doi voi kim loai 3. Do thi I-V cua dap an A phu hop voi diéu nay.

Cau 3. Ciy dang séng hip thu carbon phéng xa '*C tir khi quyén trong qué trinh
quang hop. Ty 16 "*C va "’C 1a o = 1,25x10™"%. Khi cy chét, carbon '*C phan i véi
chu ky ban rd 1a T}, = 5600 nam. Ngudi ta thay tir m = 4,00 g carbon trong mot manh
g0 chét ¢6 20 phan rd trong mot phut. Tudi cua cay gb d6 1a

A. 2,12 x10° nam

B. 6,24 x 10> ndm

C. 8,76 x 10’ nam

D. 1,52 x10*nam

Biét rang 1 don vi khéi lugng nguyén tr u=1,66x107" kg .
bapan: C
Ldy goc tinh thoi gian t=0 la thoi dzem cdy chét. Ky hiéu Ni4(t) va Nia(1) lan lwot la 56

hat nhan "C va °C, k = 20/phut 1a téc do phan ra & thoi diém t. N, khong thay déi
theo thoi gian. Tir biéu thirc

Nia(t) = Nig(0)e ™"
ANy () _ N4 () -r/+
dt T
nam. Ta ciing co cdac phwong trinh

{]4N14(t) + ]2N12} u=m

ta co k=- voi T la thoi gian Séng, =T, /(In2) = 8081
N14(0) _
Ny

Giai cac phwong trinh trén, cuoi cung, ta nhan dwoc

t=r1 lnw ~7ln ma =8, 76 x10° nim.
kt 12ukt

Céu 4. Cho hdn hop khi gdm 2 mol khi 6xy va 4 mol khi agon (Ar) ¢ nhiét d6 T. Bo
qua tat ca cac mode dao dong, ndi ndng toan phan cia hon hop khi 1a

A. 15RT
B. 11RT
C. 9RT
D. 7RT
Papan: B

O xy la khi lwéng nguyén tik, do do, néi ndang ciia 2 mol khi 6 xy la

U, =2§RT:5RT

Agon la khi don nguyén tur, noi nang cua 4 mol agon la

U, =4%RT=6RT .



Néi ndng toan phan ciia hén hop khi la
U=U+U,=11RT

Cau 5. May hoi nudc do J. Walt séng ché duoc coi 1a thanh tyu 16n trong cudc cach
mang khoa hoc cong nghé 1an thir nhat ctia nhan loai. May nay dugc 6ng hoan thién
vao nam

A. 1776 B. 1779 C. 1781 D. 1784
bapan: D

Cau 6. Anh sang di vao mot dau ciia cap quang nhu trén hinh v&. Cap quang hinh try
ché tao tir vat liéu dbng nhat ¢ chiét sut n = 1,4. Hoi goc 0 16n nhat 1a bao nhiéu dé
anh sang c6 thé truyen trong cap quang ma khong thoat ra ngoai. Chiét suat ctiia khong
khi dugc xem bang 1. Ly két qua co hai chir s6 c6 nghia.

0
A 78 ~

B. 46°

C. 44 R aaC
D. 12° 0 L

Pap an: A

Déq‘khéng thodt ra ngodi cdp quang, dnh sdng phdi phan xa toan phan tai diém I.
Diéu kién phai thoa man la

0<0,. VvOi sinb,, =Vn®-1=09798.

Vay Opax = 78" .

Ciu 7. Cho mét vong day dan tron dong chat, tiét dién déu, tim O ban kinh R. Dong
dién cuong do 1 di vao vong day tai diém M va ra tai diém N. Goc MON = 60°. Cam
ung tur tai tam vong day co6 dg lon

A. B=0.

B, pBostol
4z R

c. p=stl
27 R

D. g2t l
627 R

Papan: A

Theo dinh ludt Biot-Savart, cam ing tir B; tai tam vong ddy gay boi dong dién trong
cung tron i co do lon ty 1é voi cwong do dong dién I; va chiéu dai L; cua cung

Bi~1IL;
Mat khac, cwong do dong dién I; ty 1é nghich voi dién tro cua cung dady, tuc la ty 1¢
nghich voi chiéu dai cung. Nhu vdy, cam vwng tw gdy boi dong dién trong hai cung
MIN va M2N khong phu thugc vao do dai cua cung, do do c6 do [on nhw nhau, nhung
6 chiéu nguoc nhau. Vay cam img tir tong céng tai tam vong ddy bang 0.



Céu 8. Hat pion trung hoa 7n° ¢6 thoi gian séng trung binh t = 8,4x10™"" s. Hat d6
chuyén dong véi van toc 730 dbi véi hé toa do phong thi nghiém (c 1a véan téc anh
sang trong chan khong). Khoang cach trung binh ma hat chuyén dong duogc trong
phong thi nghiém trudc khi phéan ra 1a

A. 62nm B. 44nm C. 1,5nm D. 33nm
Papan: B

Xét trong hé toa @6 phong thi nghiém, ky hiéu v la téc d, At la thoi gian séng cia
hat, s la quang dwong hat di dwoc truoc khi phan ra. Ta co

1 V3

r=702r=\/§cr =44 nm .

S=VAt=v

1—-—
6‘2

Ciu 9. Ning lugng can thiét dé but ca hai electron ra khoi nguyén tir héli ¢ trang thai
co ban 1a 79,0 eV. Héi can bao nhiéu nang lugng d€ ion hdéa nguyén tir héli, tuc 1a bt
mot electron ra khoi nguyén tur héli, ion héli dugc tao thanh ¢ trang thai co ban ?

A. 24,6eV

B. 39,5eV

C. 51,8eV

D. 54,4¢eV
Pap an: A

Cac mirc nang lwong cua nguyén ti hydro ty 1é voi ¢’ e la dién tich nguyén t6. Do do
cde mire ndng heong ciia hé gom mot electron va hat nhéan c¢é Z proton ty 16 véi Z°.
Vay nang luong trang thai co ban cua ion héli la

E(He') =4 E(H) =4(-13,6 V) =- 54,4 eV ,
voi E(H) la nang lvong trang thadi co ban cua hydro. Mat khac, nang lwong trang thai
co ban cua nguyén tw héli la E(He) = -79,0 eV.
Do do, nang luong ion hoa cua nguyén tu héli la
W=E(He')-E(He) = (-54,4+79,0) eV =24,6¢eV .

Ciu 10. Tur Trai DAt ngudi ta phong mot vé tinh véi van toec 29,7km/s (so v6i Trai
Dit) theo huéng nguoc lai so véi hudéng chuyén dong ctia Trai Dat quanh Mat Troi.
Néu chi xét lyc hit ciia Mt Troi thi sau bao 1au vé tinh trén s& roi vao Mat Troi? Biét
khéi lwong cua Mat Troi xap xi bang 1,97.10°° kg, Trai Dit chuyén dong quanh Mt



Troi theo mét quy dao tron ¢6 ban kinh R=1,49.10"" m r4t 16n so v6i ban kinh ciia Mt
Troi va Trai Dat.

A. 185,2 ngay
B. 92,4 ngay
C. 75,8 ngay
D. 64,5 ngay
bapan: D

Trdi Ddt chuyén déng quanh Mdt Troi theo qui dao tron véi toc dé 29, 7km/s va chu
ki Tp=365 ngay. Véi cach phéng vé tinh nhw dd cho ¢ ddu bai, vé tinh ding yen so
véi Mat Troi ngay sau khi phong. Sau d6, vé tinh roi thang vé Mdt Troi. Su roi nay c6
thé dwoc xem nhw chuyén dong theo mét mira quy dao elip c6 ban truc nhé bang 0,
ban truc I6n bang R/2 véi chu ki T. Tir do, két hop véi dinh ludt Kepler 3, thoi gian
roi nay sé bang

t1=0,5T=0,5T/2>? = 64,5 ngay .

Cau 11. Bong nang trung binh cia mdt mol khi ly tuéng la E = iRT . Khi d6 C co6
2 p

gia tri la
A. 0,5R B. 1,5R C. 2,0R D. 2,5R
Papan: D

DPoi véi khi Iy twong E=U =%RT. Mat khéc, biét rang U = C,T suyra C, = %R

Do do C :CV+R:§R+R:2,5R
i 2

Cau 12. Mot loa truyén thanh gin trén cot dién phat ra Am thanh c6 tan so fy = 495
Hz. Nguoi ngoi trén 6 to6 chuyén dong vé phia loa véi toc do v = 33 m/s nghe thay am
thanh c6 tan so

A. f=550Hz.
B. f=547Hz.
C. f=544Hz.
D. f=522Hz.

Cho biét téc d6 song am trong khong khi 1a v = 330 m/s.
bapan: C
Néu nguon am chuyen déng vé phia nguoi nghe dirng yén thi nguoi nghe nhdn dwoc

ém thanh cé tan s6

fo—To

v (1)
Vo

Néu nguoi nghe chuyén déng vé phia nguon am ding yén thi am thanh nhdn dwoc c6

tan so
f= [1 + l]fo . )
Vo

D6 la hiéu irng Doppler. Thay gid tri s6 vao (2), ta nhdn dwoc f= 544 Hz .
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Cau 13. Hai vat cung khdi lugng m dugc ndi v&i nhau bdi mot 16 xo va treo théng
dimg vao tran nha bang mot day khong gian. Hé dang ¢ trang thai can bang. Day treo
dot nhién dut. Gia toc cua vat phia trén ngay sau thoi diém day bi dut bang

A. 0 B. g2 C. g D. 2g

bapan: D
Truoc va ngay khi ddy bi dut, lo xo bi gidn, sitrc cang cua lo xo la F = mg.
Ngay khi ddy det, vat ¢ phia trén chiu tac dung cua trong luc va siwc cang cua lo xo.
Cd hai liec ciing hirdng xuong phia dwedi. Vi vy,
ma =mg + F=2mg ,
trong dé a la gia téc ciia vt phia trén. Suy ra a = 2g .

Céu 14. Trong m6 hinh Bohr cta nguyén tir hydro, dong lugng cua electron chuyén
dong trén quy dao c6 ban kinh r,, (n 1a so lugng tir chinh) 1a

A. nh B. nr, A C. nh/r, D. nh/(r)
bapan: C

Thir nguyén ciia déng luong la [p] = MLT".

Thir nguyén cia hang sé Planck la [h ] = ML’T", thir nguyén ciia ban kinh r la [r] =
L.

Trong cdc biéu thirc d cho, chi cé biéu thire ciia ddp an C ¢é thir nguyén cia dong
lwong.

Cau 15. Mot mol chat khi 1y tuong thyc hién chu trinh thuan nghich ABCA trén gian
d6 P-V nhu hinh v&, trong d6 qua trinh AB 1a qué trinh dang nhiét. Cp va Cy lan luot
13 nhiét dung mol déng 4p va dang tich. Nhiét lwong khéi khi nhan trong chu trinh 1a

A. RT,V,/V,

B. —Cp(Ty-Ty)

C. RTh 11’1(V2/V1) —CP(Th-TC)

D. RTh 1H(V2/V1) —R(Th-TC)

] —
N< T

bapan: D

Theo dinh ludt 1 cua nhiét dong hoc, Q = U+W.
- Péi véi qud trinh AB, U = 0, do d6 Qus= W = RT}, In(V2/V)).
- Voi qua trinh d‘cfng ap BC, U = CYT.-Ty), W = Py(V;-V3) = R(T-Tj).
Do do QBC= R(TC-Th)‘f' CV(TC-T},).
- Voi qua trinh d‘cfng tich CA, W= 0, U=Cy(Ty-T,), nén Qca=U = Cy(Ty-T,).
Vay nhiét luwong téng cong khoi khi nhan la
O0=0upt0sct0Ocu= RTy, In(V/V1)-R(TH-T¢).

6



Cau 16.

Mot ddy cap dong truc c6 cac dong dién cing cudng d6 i chay nguoc chiéu nhau ¢ 16i
bén trong va vo bén ngoai (xem hinh v€). BJ 16n cia cdm Ung tu tai diém P bén
ngoai day céap cach tryc ctia day cap mot khoang r 1a

A 0
B b
2rr
Mol ?—r?
271 % —p?
Hol rt—b?
27 o —p?
Pap an: A

Xét dwong tron ban kinh r trong mat phcfng‘vuo”ng goc voi truc ddy cap va co tam nam
trén truc cua day. Ap dung dinh Iy Ampe vé dong toan phan, do doi xung cua day, ta
co
§Bdl=Bfdl=27rB=p> I, =0 ,
/4 2 VC C k
trong do lay tong dai so cac dong dién di xuyén qua dién tich hinh tron. Vay B = 0.

Ciau 17. M6t chum 4nh sang c6 cuong d6 khong doi di qua kinh phan cuc theo
phuong vudng goc véi kinh. Khi kinh quay quanh truc cua chum sang, cuong do anh
sang truyén qua thay d6i nhu 13 ham (A+B c0s20) ciia goc quay 0, trong d6 A va B 1a
cac hang s6, A > B > 0. C6 thé két luan:

A.  Anh sang toi khong phan cuc.

B.  Anh sang t¢i phan cuc thing.

C. Anh sang t6i phan cuc tron.

D. Anh sang téi mot phan phan cyc thang, mot phan khong phan cuc.
Papan: D
Néu dnh sdang khéng phdn cuc, cuwong dé dnh sdang truyén qua khong thay doi khi
quay kinh phdn cuc. Anh sdng phan ciee thang sau khi di qua kinh phén cuc ¢é cuong
ag I ~ cos’ @ voi ¢ la goc gitta hudng phin cuc cia dnh sdng va truc phan cuc ciia
kinh. Chon géc tinh géc quay 0 thich hop, ta ¢é I ~cos’ 0 ~ 1+cos26, Anh sing phan
cuee tron ¢ thé dwoc xem nhue té hop ciia hai phan cuc thang vudng goc véi nhau va
dao dong léch pha /2.

Do @6, phirong dn D phit hop véi dé bai.

Cau 18. M4t may nhi¢t nhan nhiét ¢ nhi¢t 46 T, = 727 °C va téa nhiét ¢ nhiét 3¢ T, =
527 °C. Néu hoat dong véi hi€u suat 16n nhat c¢6 thé c¢6 thi may thyc hién mdt cong
bang bao nhiéu khi nhan nhi¢t lwgng 2000 J?

A. 400]
B. 8001J
C. 160017
D. 20001J



Papan: A
. £ w , . e, . N
Hi¢u suat cua may la n :5, trong do W la cong thuc hién boi may nhiét, Q la nhiét

lwong may nhiét nhan. Hiéu sudt cua may nhiét lon nhat néu may thuc hién chu trinh
Carnot. Khi do hiéu suat dwoc cho boi biéu thirc

T,
S1-2202 .
=y

1

Do dé, néu nhan nhiét lwong Q=2000 J thi may thuc hién cong W=2000x0,2 = 400 J.

Cau 19. Mgt thanh nam cham vinh ctru dugce tha roi T
trong mot 6ng hinh try bang dong dit thang dung.
Ong dong c6 thé xem 1a dai vo han. Sau mét thoi

gian, thanh nam cham S
A. Roi voi gia toe g ‘ H
B. Roi véi van toc khong doi

C.  Roinhanh dﬁp . ) l N
D. Khong thé két luan gi vé chuyén dong cua U X
nam cham v
Papan: B

Khi thanh nam chdm roi trong long éng dong, trén ong xudt hién dong dién cam iing
gdy ra tir truong chong lai sy roi ciia nam cham. Khi nam cham roi chdm, hec tiv
chong lai chuyén dong nhé hon liee trong trieong nén nam cham roi nhanh dan. Nam
cham roi cang nhanh thi lyc tiv cang om. Dén mot hic nao ds, hec tir can bang véi
trong lyc, nam cham sé roi voi van téc khong doi.

Céu 20. Mot mole khi 1y tuéng ban dau c6 thé tich Vo va nhiét do To. Khoi khi gian
n¢ dang nhiét dén thé tich V. Ky hiéu R 1a hing s6 khi, y = Cp/Cy 1a hing s6 Poisson.
Cong khoi khi thue hién trong qué trinh nay 1a

A0

D. RT, L
4
bapan: D
Céng do khoi khi thire hién khi gian né dang nhiét la
w=[Pav —j—dV RT, In L |
"



BO GIAO DUC VADAO TAO OLYMPIC VAT LY SINH VIEN TOAN QUOC LAN THU XVII
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PHAN GIAI BAI TAP
(180 phut khéng ké thoi gian phat dé)

CAU 1. Guong tir

Duéi tac dung cua luc Lorentz, hat tich dién c6 van tdc thich hop s€ chuyén dong theo duong
xodn ¢ doc theo dudng suc tir. Khi chuyén dong dén mién co tir trudng 16n hon (mat do
duong stre 16n hon), do chuyén dong theo quy dao gan tron két hop voi thanh phan hudng
tAm ctia tir truong ma hat chiu tic dung ciia lyc hudng ra phia ngoai mién tir truong manh.
Chinh lyc nay 1am cho hat bi phan xa tr¢ lai. P6 1a hi¢u iing guong tur.

Mot ion chuyén dong theo quy dao xodn ¢ xung quanh truc ciia mot dng solenoid. Cac vong
day cua 6ng solenoid duoc cudn sao cho ion chuyén dong trong mién cé tir trudng ting dan
tir By dén B,. Hiy tim diéu kién dé ion bi phan xa tré lai khi toi ving tir trudng Bo.

Gia sir mot ngudn phat ion dit tai diém c6 tir truong B, trén truc cua dng solenoid noi trén
phat ra ion cung loai bay vao bén trong 6ng. Tat ca ion déu ¢ téc d6 nhu nhau va phan b
déu theo moi huong. Hoi ty 1€ ion bi phan xa trd lai 1a bao nhiéu?

Giai

Vi tir truong ting dan dan nén c6 thé xem quy dao cia ion trong mat phang vudéng goc véi
truc 1a dudng tron. Toc do gbc cua chuyén dong tron 1a
W= ﬁ . (1)
m
Do c6 ddi xtimg truc nén thanh phan song song vdi truc solenoid (truc z) cia md men dong
lugng bao toan. Ta co

m rza) =m rlz ] (2)
v6i o va ry 1a tbe do goc va ban kinh quy dao tron tai vi tri tir truong B=B;. Mt khac, ning
luong cua ion trong tir trudng bao toan. Do do

1 2 1 2 2 1 2 1 2.2
—myj] +—mr-o° =—mvj; +—mr , 3
2717 2 1) L ®

trong d6 chi s6 / danh déu thanh phan song song voi truc solenoid.
Gia sur ion bi phan xa trd lai tai diém c6 tr truong B. Khi do tdc d6v;=0.Taco



2 2 2 2 2 2 2 2
vip=riot—nep =qop| 5 -1l|=qer| —-1 4)
o D
Vi B < B, nén diéu kién dé ion phan xa tro lai 1a
B
vy <y =21, (5)

B

trong d6 vy, = 1, 1a thanh phan vén tdc trong mit phang vudéng goc voi truc tai diém c6 tir
truong B;.

Tu bét déng thirc (5) suy ra ion bi phan xa néu goc o giita huéng bay ban dau cua ion va truc
6ng thoa man diéu kién

B
cosa < 1——150030:0 . (6)
2
Ky hiéu 7 1a s ion bay vao mot don vi goc khdi. Tong s ion trong chum 1a N=2nn. S6 ion
bi phan xa la
N'=n  [dQ
COS <COS &)
5 ™
: 1
=rn js1nada:27zn 1-—
la|< e Bz
Vay ty I¢ ion bi phan xa la

CAU 2.

I. Mot thung dung nuée mudi co day hinh vudng canh dai 3m. Thanh bén cua thung hap thu
hoan toan anh sang, day thung bang thuy tinh c6 do day khong dang ké c6 thé bo qua. Do sau
cua nudc trong thung la 1m. Thung dugc dat nam yén trong thoi gian dai. Khi do, ndng do
mudi trong thung khéng dong deu ma ting theo chiéu sdu. Nudc mudi ning hon nude tinh
khlet nén chiét suit ciia nude mudi trong thung ciing ting theo chiéu sau. Gia th1et rang chiét
sudt cia nudc trong thung & bé mit 1a ny = 1,3 va tang theo chiéu sau véi toc do ting
a = 0,05 m". Khong khi bao quanh thung c6 chiét sudtn, = 1.

Mot ngudn sang nho dit ¢ tim cua dy thung, phat 4nh sang ra moi huéng.

a. Dé don gian, gia thiét rang nuoc mudi dong nhit va c6 chiét suit no. Hay tinh dién tich
bé mit nude dugc chiéu sang, néu nhin bé mit nude tir phia trén xudng.

b. Xét truong hop thyc té khi nudc co ndng d6 mudi khong dong nhat da trinh bay ¢ trén.
Hay xac dinh diéu kién do1 vdi gbe phat ra cua tia sang ¢ day thung dé tia sang co6 thé 16
ra khoi bé mat nude. Phac hoa duong di cia tia sdng khong thoa man diéu kién do.

II. Xét khong khi ¢ phia trén mat dudng cao tbc dudi anh nang mua hé. Trén mit dudng,
nhiét d6 khong khi 1a Ty, = 60°C. Lén cao, nhiét d6 giam dan. Tir d6 cao 1m tr¢ 1én, khong khi



mat hon va ¢ nhiét d6 T, = 30°C. Chiét suat n(T) ctia khong khi 1a mot ham cta nhiét d6 va
lién quan dén mat d6 khong khi p(T) theo hé thirc

n(T)-1 ~p(T) .

O day, T 1a nhiét 46 tuyét d6i ciia khong khi. Gia thiét rang mat d6 khong khi ty 18 nghich vai
nhiét do, ap suat khong khi nhu nhau tai moi diém va bang 1 atm. Chiét suat khong khi &
nhiét @6 15°C va 4p suat 1 atm 1a 1,000276.

Néu mét nguoi lai xe 6 td6 cach mat duong 1,5m thi mat duong tré nén mo 4o ¢ cach mit bao
xa (hi¢én tugng 4o anh)?

I.

Giai

a. Tia sang tir bong dén di t61 mat nude cd goc tdi 1on hon goc gidi han 6y s€ phan xa toan

phan va khong 16 ra khoi nude. Goc 0, duoc xac dinh boi phwong trinh

1,3 sinfp =1 sin 90°
do d6 6o =150,3°.
Chi nhiing tia sang c6 gbc to1 nho hon goc téi han 6y moi 16 ra khoi mat nude. Vi vay,
néu nhin tr trén xuéng, dién tich mat nudc dugc bong den chiéu sang la mot hinh tron
ban kinh R véi

R =1 tan 50,3° = 1,20m
Dién tich dugc chiéu sang la

S = R*=4,56 m’

A
v

. Dé tia sang 16 ra khoi nudc, goc toi cua tia sang tai bé mat phai nho hon goc t6i han 0.

Theo dinh luat khuc xa, ta co
n sinB = const
Do do, goc 0 cua tia sang tai day thung phai nhé hon géc 0; théa man phuong trinh
n; sin0; = ny sinO
v6i ny 14 chiét sudt cia nude mudi ¢ do sau 1m (tic 1a & day thing)
n=ny+oh=13+0,05.1=1735
Vay
sinB; = ng sinBy / n; = 1/ n; = 0,7407
tuc la
0<0,= 47,80
Néu goc 6 > 0 thi ton tai x < h théa man phuong trinh
n; sin® = (ny + ath) sin® = (ny + ax) sin 90°
Diéu nay co nghia tia sang di tir day thung c6 goc 6 > 0, s& bi phan xa toan phan & do sau
x <h, do d6 di nguoc lai vé day thung va khong 16 ra khoi mat nudce. Puong di cia tia
sang nay duoc phac hoa & hinh v€ dudi day.



IL. Chiét suit cta khong khi phu thudc vao nhiét do tuan theo hé thirc
1
n(D)-1~p(M)~— ,
T

do d0, chiét suét thay ddi theo d6 cao so voi mit dudng. Anh sang truyén trong khong
khi giéng nhu trong trudng hop truyén trong nudc mudi da xét & phan trén. Tia sang co
thé di dén mat ngudi 14i xe nhu trong hinh v&. L chinh 1a khoang cach tir mat dén ngudn
sang biéu kién cua tia sang dudng nhu xudt phat tir bé mit duong. Trén thyc té, tia sang
nay di tir bau troi nén mit duong dudng nhu ¢6 mau xanh va tré nén mo o.
Chiét suit cua khong khi ¢ ngay sat mit duong n, va & d6 cao Im n, 12

n, =1 +(288/333) (1,000276 — 1) = 1,000239 ,

n. =1+ (288.303) (1,000276 — 1) = 1,000262 .
Goéc 6 dugce xac dinh tir phuong trinh

n; sin® =n, sin 90°  hay sin® =ny / n,
Do d6
0=289,61° .

Ta co

L=1,5tan 89,61 ~220 m

CAU 3.

Cho mdt xi-lanh kin ABCD dit nam ngang. Thanh bén AD va BC, nip CD va pit-tong MN
duogc 1am bang vat lidu khong din nhiét, trong khi d6 day AB thi dan nhiét. Pit- -tong MN ¢6
thé chuyén dong khong c6 ma sat trong xi-lanh. Bén trai va bén phai pit-tong déu c6 1 mol
cung mot chat khi Iy tuong c6 nhiét dung mol dang tich Cy va chi s6 doan nhiét (hé sd



Poisson) y. Kh01 khi ¢ bén phai pit-tong duoc d6t nong (hoac lam lanh) lam cho pit-tong
chuyén dong rat cham. Hay biéu dién nhiét dung C; cua khéi khi nay trong qua trinh dang x¢ét
thong qua thé tich Vi va Vg cua hai khéi khi. Khi d6 nhi¢t dung C, cua khéi khi bén trai pit-
tong bang bao nhiéu? Néu nip CD din nhiét nhung nhiét d6 ctia khdi khi bén trai duoc giir
khong dbi thi két qua thay ddi thé nao?

C M B
V2 Vl
D A
N
Giai

Yéu tb nhiét luong ma khéi khi bén phai nhan dwoc khi nhiét do thay d6i mot luong d7; 1a

50, = CydTi + RdV; = CydT; + RT; 2

1

(1

Khdi khi bén tréi pit-tong khong nhan nhiét luong nén 60,=0, do d6 C,=0 va

CydT, + RT, —2% g , hay ah__Ran (2)
VZ TZ CV VZ
Vi P1=P2 nén V1T2=V2T1 , Suy ra
dv, dv, dn, dr, )

h "n o T
Mit khac, 7, + 7, khong thay d6i nén
avy=-dv, . 4)
Thay (2) va (4) vao (3), ta nhan dugc
i) T

Vi R=Cp— Cy = Cy (y-1) nén c6 thé viét lai phuong trinh trén nhu sau

AT
Thay (5) vao (1), ta co
50, =| Cy +R "2 ar (6)
: e )



=2 _[c,+r 2|y, Do (7)
oT; o+ Va+7

Xét truong hop ndp CD dan nhiét va nhiét ¢ T, cua khdi khi bén trai dugc giit khong doi.
Khi d6 ta c6 phuong trinh (1) va phuong trinh

00, =PRdV, . (8)
Phuong trinh (3) quy vé
dav, dv, dT,
1 2 _ 1 (9)
h n 4

Thay (4) vao (9) va st dung (1), ta nhan dugc

V. Vi + V.
=| Cy +R—2—|dT, =C, —24T 10
o0 (V V2+Vlj =Gy, dh (10)
do do
CIZCVM (11)
n+r,

Vi &0, hiru han ma d7> =0 nén C, =

CAU 4.
Muon la hat p ¢6 cung dién tich va spin nhu electron nhung c6 khéi luong nghi m, = 207 me,

trong d6 m, 1a khéi lugng nghi cta electron.

a. Gia thiét rang hat pco toc do v, va cham khong dan hdi véi proton dimg yén va tao
thanh mét h¢ lién ket gidng nhu nguyén tir hydro. Néu bé qua ning lugng lién két cua
nguyén tir nay thi tbc do ctia nguyén tir sau va cham 13 bao nhiéu?

b. Néu nguyén tir tao boi muon va proton & cau hoi a chuyén tir trang thai kich thich thi
nhat ve trang thai co ban thi phat ra photon c6 nang luong bang bao nhiéu?

¢. Muon la hat khong bén, n6 phan ra thanh electron e, neutrino v va phéan neutrino v

p—e+tv+t vy

Gia thiét ring neutrino va phan neutrino c6 khéi lugng nghi bang 0. Hay tinh dong
nang lon nhat cua electron dugc tao thanh khi hat p ding yén phan ra .

Cho biét proton c¢6 khdi lwong nghi m, = 1836 m..
Giai

a. Ky hiéu p, 1a xung luong cua hat p, Mva P la khéi luog va xung luong ciia nguyén tir. Ta
c6 cac phuong trinh thé hién bao toan ning luong va xung lugng

Jm, ) +(p,0) +myc? = (M) +(Pe)? +Ey )

p,=P . (2)

O day, Ep 13 ning luong lién két cua nguyén tir.




B6 qua Ey, ta rut ra
22 2 2 | Pu
M —my+mp+2mp mﬂ+(7j
—m2+m +2m,m, 3)
1-(v,, /c)2
Mat khac,

P 4)

T

véi V 1a toe d6 caa nguyén tu.
Thay (3) vao (4), chi y dén (2), ta c6

- "u v )

m, erp\/l—(vﬂ/c)Z g

b. Déi véi nguyén tir hydro, cac mirc ning lwong dugc cho béi biéu thirc

lem, 1 1 1 1
E=—r—® = n —Sfe " __136—_ev , (6)

2 n? n? 2w n? n’
trong d6 n=1, 2, 3, ..., mgp 1a khdi lugng rat gon cua electron va proton. Vi m, << m, nén

mep, & Me. DO1 V61 hé muon va proton, cdc mirc nang lugng cling dugc xac dinh boi biéu

thuc (6) v6i su thay thé m, bang my,. Do d6 ning luong ciia photon phat ra khi hé chuyén
tir trang thai kich thich thir nhat xudng trang thai co ban la

e m m
Eyzl A PP L Y R L TR
2 n» U 27 2°) m,

=10.2x207eV=2110eV.

c. Electron c¢6 dong nang 16n nhit khi hai hat v va v chuyén dong theo huéng nguoc voi
hudéng chuyén dong cua electron. Theo dinh luat bao toan nang lugng ta co6

muc2 =——¢ (2+E , (7)

trong d6 E=E|+E, 13 ning lugng cua neutrino va phan neutrino, v 1a téc d cua electron.
Mat khéc, theo dinh ludt bao toan dong lugng, ta cé

m _E B _E ®

Thay (8) vao (7), ta nhan duoc



hay

Do d6

bong ndng T cua electron 1a

Thay (9) vao (10), ta c6

m,c € "+ ——cv
v v
1-|— 1-|—
J )
m, =m, 1+ voi B:X
1-B c
2 2
1 m; +m
v= S ©)
\/1_52 2m m
T= \/(mecz)2 +(y mevc)2 —mec2 = (1(—1)mec2 . (10)
(rn,u_rne)2 2 2
T=———"—¢c"= 103 m” . (11)
2m,,



BOQ GIAO DUC PAO TAO HOQI VAT Li VIET NAM
Olympic Vit Iy sinh vién Toan qudc lin thir XVII
Pé thi THU'C NGHIEM
(Thoi gian lam bai 180 phut)

NGHIEM LAI PINH LUAT STEFAN - BOLTZMANN VA XAC PINH PUONG KIiNH,
CHIEU DAI DAY TOC BONG PEN SOQI POT

I. Co s6 1y thuyét

Khi mét vat ¢ nhiét do T (K), vat s€ phat xa nang lugng dudi dang song dién tir dugce goi 1a hién
tuong birc xa nhiét. Sy phat xa lam ning luong cia vat giam dan dén nhiét do vat giam. Do d6 dé
duy tri nhi¢t do cua vat can phai lién tuc cung cép nang luong cho vat dé bu lai phﬁn bi mat. Buc
xa nhiét & diéu kién nhiét do khong doi goi 1a blrc xa nhiét can bﬁng. Khi nhiét do cua vat cang
cao thi btrc xa nhiét cang manh.

Dinh luét Stefan — Boltzmann vé btrc xa nhiét can bﬁng: Naéng suat phat xa toan phﬁn cua vat den
tuyét ddi ti 1¢ thuan véi liy thira bac bon cua nhiét do tuyét ddi cua vat d6. R(T) =oT*, v6i T

la nhiét do tuyét dbi cua vat, o 1a hﬁng s6 Stefan-boltzmann ¢ =5,67x10°* W.m >K ™.

V6i vat xdm nang suét birc xa toan phan c6 dang R(T) = acT", véi a 1a hé s6 phat xa, n la gia
tri Iy thura (n ~ 4).

Trong thi nghiém nay chung ta khao sat v&i vat xam 1a day toc vonfram ctia bong dén dién (hé s6
phat xa trung binh ctia vonfram a = 0,35). Goi chiéu dai cta ddy toc 1a L, ban kinh la r.

Khi ddy toc duge cip dong on dinh chay qua, ddy toc ¢ nhiét do 6n dinh T, lic nay cong suat
dién cdp cho dén s& can bang voi nang lugng bi mat trén day toc thong qua cac qua trinh din
nhiét, di luu va birc xa nhiét. Khi day toc ¢ nhiét do cao (trén 1000K), phﬁn nang lugng tuong
mg véi cac qua trinh din nhiét va d6i luu 1a rat nho so v&i phan ning lwgng mat mat do birc xa
nhi¢t. Bén canh do, thuc nghiém cho théy trong vung nhiét d§ 300 K dén 3655 K, nhiét do day

toc phu thudc vao dién trd suét p cua vat liéu dang: T = 3,05x10° po’83

Trong thi nghiém nay chung ta can xac dinh gia tri 1y thura n dé nghiém lai dinh luét Stefan-
Boltzman (theo 1y thuyét n = 4) cling nhu xac dinh cac thong s6 L, r cta day toc bong den.

II. Dyng cu thi nghi¢m

- Ngudn dién bién ddi (chi ding ngudn 1 chiéu).
- 01 hop chira bong dén soi dot c6 day toc W can khéo sat.



Luuy:

01 déng hd do dién s dung nhu 1a von Ké.
01 dong hé do dién sir dung nhu 14 ampe ké.
05 day ndi.
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Trude khi bdt nguon dién can kiém tra lai chdn cam dong hé va thang do.

Khi do dong va thé ¢ thang do nhé can phdi can trong tranh gdy hw hong dong ho.
Khéng bao gié chuyén thang do khi dang cé dién ¢ dau do.

Bo qua sy dan no nhiét cua ddy toc trong thoi gian lam thi nghiém.

II1. Yéu ciu thi nghiém

1.

Xac dinh dién tro day toc bong dén ¢ nhiét do phong. (10 diém)

Dién tro day toc bong dén & nhiét dd phong co thé duge xac dinh thong qua khao sat dic trung
Voén — Ampe trén hai dau soi toc khi cho dong dién nho chay qua soi toc. Hay str dung Von ké &
thang do DCV 200 mV, 2V va ampe ké & thang DCA 200 mA.

V& so @6 mic mach cho thi nghi¢m.

Tién hanh do dac dic trung I-V cua soi d6t va ghi vao bang sd liéu.

V& db thi vé su phu thudc dién trd soi toc theo dong dién, nhan xét.

Xac dinh gia tri dién tro soi toc Rrr & nhiét o phong.

Tinh sai s6 cta gia tri Rrr.

Xac dinh gia tri bac liiy thira n. (10 diém)

Xay dung cong thirc can thiét va chi ra cach xac dinh n;

Lap dat thi nghiém va tién hanh do dac thu thap s lidu (viét bang sé licu);
Xir Iy sb liéu bang phuong phap d6 thi va xac dinh gia tri n.

Tinh sai s6 cia gia tri n do dugc.

Xéc dinh chiéu dai L va duong kinh r ciia soi day toc bong deén. (10 diém)
Xay dyung cong thirc can thiét va néi cach xac dinh L, 1;

Thu thap s6 lidu can thiét va tinh toan xac dinh gia tri chiéu day L va ban kinh r cta day
toc bong den;

Luu y: Bé don gian co thé coi phan burc xa tir hai dau cua soi toc la nho so voi tie phan bé
mat xung quanh.
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CAU HOI TRAC NGHIEM

Ciu 1. Heli ;‘He tré thanh chét siéu chay & nhiét 46 7' < 2,18 K. Diéu nay chi ¢ thé
xay ra néu budc song de Broglie A cta nguyén tir heli (khdi lwong m) c6 thé so sanh
v6i khodng cach gilra cadc nguyén tir trong chat long. Khi do, biéu thuc nao dudi day
c6 the 1a biéu thuc cho bude song A cia nguyén tu heli?

A. A =~3mkT | h B.  A=h/~N3mkT
c.  A=~h/3mkT D.  A=3mkT/h
Papan: B
Thur nguyén cua cac dai lwong m, h, k, T, A la
[m]=M, [h]=ML’T", [kJ=ML’T°K", [T]=K , [AJ=L .

Bit A=m* k' T° ta cé phwong trinh thir nguyén
L = M* Pty [205t) p(Br2) grrtd

Suyraa=y=06=-1/2; B=1.Dodé, A< h/\NmkT .

Ciu 2. Hai hanh tinh X va Y chuyén dong nguoc chléu kim dong hd theo cac quy dao
tron xung quanh mot ngoi sao nhu trén hinh vé. Ty s6 ban kinh quy dao cua chiing 1a
3:1. Tai mot thoi diém, hai hanh tinh va ngdi sao nam trén mot dudng thang nhu trén
hinh 1. Sau 5 ndm, hanh tinh X c6 do dich géc 1a 90° nhu trén hinh 2. Hoi d6 dich goc
luc d6 cua hanh tinh Y 1a bao nhiéu?

A. 90°

B. 135°
C. 270°
D. 468°

Hinh 1 Hinh 2

Papan: D

Ky hiéu Ty va Ry (Ty va Ry) lan lwot la chu ky va ban kinh quy dao cia hanh tinh X
(hanh tinh Y). Theo dinh luat Kepler 3, ta co

2 3

Ty Ry




trong dé w la toc dg géc cua hanh tinh. Viy dé dich goc @y sau 5 nam cua hanh tinh

Yia
Oy =27 oy =~/27 x90° ~ 468°.

Cau 3. Tan so am thip nhét cong hudng trong dng organ mot dau kin mot dau ho 1a
300 Hz. Hoi tan s6 nao dudi day khong cong huong trong 6ng nay?

A. 900 Hz B. 2100 Hz
C. 3300 Hz D. 3600 Hz

bapan: D

Song dm co buoc song /1 cong hu’(j’ng trong 5ng néu théa man diéu kién L = ni/4,
trong do L la chiéu dai éng, n la sé nguyén Ié. Neu Ao (fy) la buce séng dai nhat (tan
s6 thap nhat) ciia dm thanh céng hwong trong ong thi cac dm cong huong co buoc
séng Ava tan s6 [ théa man A = Ay/(2k-1) , f = (2k-1)fy, k > 1 la s6 nguyén cho biét
bdc cua hoa ba twong ung.

Am thanh ¢é tan 56,’3 600 Hz = 12 x 300 Hz khéng théa mén diéu kién nay nén khong
cong hwong trong ong da cho.

Ciu 4. Mot giot dau (chiét suat n;=1,4) ndm trén mot tim thiy tinh phiang rat mong
(chiét suat n,=1,5). Mot ngudi quan sat nhin truc tiép giot dau tir phia trén bang anh
sang trang phan xa. Vi mdi mau trong phd kha kién, nguoi d6 nhin thiy mot sb van
tron giao thoa. Hoi 10p dau day khoang bao nhiéu tai vi tri van xanh thir ba tinh tir
mép ngoai giot dau? Co thé ldy budc song anh sang xanh 1a A = 450 nm.

A. 482 nm @ nguoi quan sat

B. 563 nm

C. 675nm khong khi thity tinh

D. 788 nm m '/
Papan: A

Ky hiéu d la do day lop dau tai vi tri van xanh thir ba. Vén sang dwoc tao thanh do su
giao thoa cua cac tia sang phan xq tai mdt phan cdach khong khi — dau va tai mat phan
cach dau — thuy tinh. Do do ta co

2dn, =34 > dziﬂ,z482nm

27’11

Ciu 5. Hai cira s6 I va II ¢6 kich thudc nhu nhau. Cira s6 I lam bang tAm thuy tinh
day 4mm. Ctra s6 II gdm hai 16p thuy tinh rit méng cach nhau boi mot 16p khong khi
day 2mm. Do dan nhiét cua thuy tinh va cua khong khi lan luot bang 0,8 W/(m °C) va
0,025 W/(m °C). Ty s toc do dong nhiét qua cira s6 I va qua cira s6 11 1a

T Trong
ron ctra sO
A2 Thiy | cUa s \\
B. 4 Ngoal |tinh Ngoai Thi
C. 8 cura so cua so tinhy
D. 16 i

Chasdl & —» Cuasoll <«

v 4mm 2mm



Dap an: D
Téc dé dong nhi¢t ty ¢ thugn voi do chénh léch nhiét do AT gitta hai dau vdt dan
nhiét va tiét dién S cua vit dan, 1y 1é nghich véi khodng cach L gitka hai ddu vit dan
dQ_ 1 sAT
dt L
Hé sé ty 1¢ la dg dan nhiét k ciia vat lieu. Thay s6 liéu vdo cong thitc trén, bo qua do

day cua hai [6p thuy tinh ¢ cua s6 II, ta nhén dwoc ty s6 toc do dong nhiét qua cira s6
Iva civa s6 11 la 16.

Céu 6. Cay dang séng 6 lugng carbon phong xa Hc khong thay doi. Ngu:orl ta lay
mot mau gd di chét c6 khdi luong 1g de tinh tu01 cua go do. B phong xa "C cua
mau bang 12,5% d¢ phong xa cua cay go dang song hién nay. Cho biét chu ky ban ra
cua *C 1a Ti»=5734 nam. Tudi ciia mau go la

A. 3970 nam B. 8270 nam
C. 13200 nam D. 17200 nam
Papan: D

Ldy goc tinh thoi gian t=0 la thoi diém cdy chét. Ky hiéu Ny va N(t) lan ot 1a s6 hat
nhén "C & thoi diém t = 0 va & thoi diém hién tai. Tir biéu thirc

N(t) = Nye™''"
dN (t N, _ 12,5 N,
ta co ——() =0, te _ 222 710 voi tla thoi gian Song t=Tin/(In2) ~8272
’dt T 100 7
nam. Cuoi cung, ta nhdn dwoc
100

t = Tlnl— ~ 17200 nam.

5

Céu 7. Mot tia sang di tir mién I dén mién IV (xem hinh v&). Chiét suét cua cac mién
L, 11, 111, va IV 1an lugt 1a ng, n¢/2, n¢/3, va ng/4. Goc 6 bing bao nhiéu vira dui dé tia
sang khong di vao mién IV?

I II II vV

0 0,2m 0,6m
A. 0 = arcsin(1/2) B. 0 = arcsin(1/3)
C. 0 = arcsin(1/4) D. 0 = arcsin(3/4)

Papan: C



Theo dinh ludt khic xa, ta co

nysin@ = —sin@, =—sinfd; =—Csind .
2 3 4

. . : 1 .1
Tia sang khong di vio mién 1V néu 5= 90", hay sin@ = Z ,tiee la 0 = arcsmz .

Cau 8. Trong thi nghiém Young hai khe nguoi ta dung anh sang cd budc song
A=0,4pm. Khi dﬁt mot bé,n mong trong sudt ¢o chiég suit n=1,5 trudc mot khe thi van
trung tdm chuyen dich dén vi tri van sang bac 3. Be day e cua ban cd gia tri nao sau
day

A. 24.10°m B. 0810°m  C. 12.10°m D. 1,0.10°m
Pap an: A
Hiéu quang trinh g véi van sang bdc m la AL = mA. Néu hiéu quang trinh thay doi
mot lwong dL thi bdc cua van sang thay doi mét lu’p’ngydm. Ta co dL = dm A. Khi anh
sang di qua ban mong co do day e, quang trinh thay doi mot lwong dL = (n - 1)e, bdc
ciia van sang thay doi dk = 3. Suy ra e = 3/(n-1) = 2,4.10° m.

Cau 9. Chum anh sang khong phan cyc truyén vuéng goc qua hai kinh loc phan cuc
gidng nhau dit song song voi nhau. Hudng phan cuc cua hai kinh 1ap véi nhau mot
goc 6. Hai kinh nay khong hoan hao nén ching hép thu mot phan anh sang t6i. Biét
rang cuong d¢ anh sang truyen qua kinh thtr nhat bang 30% cuong d6 anh sang ti,
con cuong do anh sang truyén qua ca hai kinh bang 13,5% cuong d6 anh sang t4i.
Goc 0 gitta hudng phan cuc cua hai kinh 1a

A, 30° B. 45° C. 60° D. 90°
Pap an: A

Ky hiéu 1 la hé sé truyén qua cua kinh phan cuc, Iy (1)) la cuong do anh sang t6i kinh
1 (kinh 2), I la cwong do anh sang truyén qua ca hai kinh. Ta co
1

A =§77]0 , I =nl, cos? @

Mat khac,
11:0(1[0 , I:a2]0
voi o =30%, a,=13,5% . Do do,



2% ﬁ

cosf = —5 = — 0=30°
2&1 2

Cau 10. 1 mol khi Ii twong don nguyén tir thuc hién chu trinh nhu hinh v&. Gia thiét
nhié¢t dung mol déng tich Cy va déng ap C, khong phu thudc vao nhiét do.
Pa

2Py

Po

Do bién thién entropy cua khdi khi trong qua trinh 1-2 1a

A. 37,4 J/K B. -37,4 J/K
C. 25,4 J/K D. -25,4J/K
Papan: B

Ky hiéu AS,_y, la do bién thién entropy trong qud trinh a-b. Ta c6
ASI—Z = AS1_3 +AS3_2 .
Qud trinh 3-1 la qud trinh dang tich. Do dé

3dO 3dT
AS;_; = [ =nC) [£
=[]

trong dé n la so mol khi. ) )
Tw phuwong trinh PV=nRT rutra V dP =nRdT doivoiqua trinh dang tich. Do do

3 3
V dP nR dP P
AS;_3 =nCy [————=[nCy —=nCyIn-=3=-nCy In2
1-3 V,!- R PV { Y p v 4
Twong tu, doi véi qud trinh dang dp 2-3 ta cé
2
dVv V.
AS; 5 :njcp7=ncp ln72=—2nCp In2 .
3 3
Do do

AS) 5 =-n(Cy +2C,)In2=-n(3Cy +2R)In2 .

. 3 . .
Mat khdc, doi véi khi don nguyén tir, Cy =5R. Thay gia tri cua hang so khi

R=8,31 J/(mol.K), n = 1 mol, ta co

ASl_z = —EI’IR In2~ -37,4J/K .
2



Céu 11. M6t thanh kim loai quay déu xung quanh tryc thang dung di qua tam cua
thanh va vuéng goc voi chiéu dai thanh. Thanh quay trong tir truong déu c6 phuong
song song vdi truc quay. Hi€u dién thé cam tng gitra hai dau thanh

A. c¢0 gia tri dao dong dang hinh sin.

B. co gié tri bang 0.

C. c¢o0 gia tri duong.

D. c6 gia tri am.
bapan: B ) . .
Hiéu dién the cam ung gitta diem gitta thanh va hai dau thanh c6 do I6n bang nhau
va cung dau. Do do hiéu dién thé giita hai dau thanh bang 0.

Céu 12. Trong phan tng phan hach, hat nhan uran U phén thanh hai hat nhan co6 khdi
luong trung binh. Cac hat nhan con thuong c6 du so notron so vdi hat nhan bén, do do
chung s€ phan ra. Su rd phong xa nay la

A. R3 meson B. Ra B~
C. Ra B* D. R3 proton
Papan: B
Do hat nhdn con c6 dw notron nén notron sé phdn ra dé hat nhdn con chuyén thanh

hat nhan bén. Phén rd cia notron la ra B~

Céu 13. Cac photon la cac lugng tir anh sang. D6 la cac hat co ban c6 khdi lugng nghi
bang 0, trong chan khong ching lubén chuyén dong voi tbe do c. Khi di vao trong mot
bé nudce, cac photon cua anh sang xanh chuyén dong véi toc do bang bao nhiéu, biét
chiét suit cia nude voi anh sang xanh 1a n?

A. c B. nc
C. c/n D. c/(n*+1)"?
Papan: A

Photon co nang luong E, = hf =0, trong do f la tan s6 ciia dnh sdng.
Mot hat ¢6 khoi heong nghl m chuyén dong véi toc dg v c6 nang lheong

mc2

Vi thé, mét hat cé khoi heong nghi bang 0 va c6 nang heong khdc 0 chi ¢é thé chuyén
dong voi toc do v = c.

E =



Cau 14. Ba ban phang rong vo han duoc dit song song v6i nhau nhu trén hinh v&.
Cac ban tich di¢n véi mat do dién tich bé mat lan luot 1a +o , +26 , va -c. Dién truong
tong cong tai diem X 1a (gy 1a hang so6 dién moi cia chan khong)

+c +20 -G
A. o/(2gp), hudng sang phai.
B. o©/(2¢), huéng sang trai. X
C. 40/(2¢p), huong sang trai. *
D. 0.
Papan: D

Pién trieong gdy boi ban phang réng vé han tai diém bat ky bén ngodi ban ¢6 dg lén
61/(2¢), trong dé o) la mdt dé dién tich bé mdt cia ban phang. Pién trwong gdy boi
hai ban tich dién +c va -c co do lon bang dién truong gdy boi ban tich dién +2c
nhwng ngue chiéu. Do do dién truong tong cong bang 0.

Cau 15. Mot cach tir nhidu xa co thé phan biét dugc hai budc song 400,0 nm va
400,1 nm ¢ cuc dai bac mot. Tong so khe ctia cach tur la

A. 400 B. 1000 C. 2500 D. 4000
Papan: D
Déi véi cach tir nhiéu xa ta cé
A
—=Nm ,
A

trong d6 N la tong sé khe cia cach tir, AA la dg chénh léch nhé nhat gika hai budc
song ma cach tir con phan biét dwoc o cuc dai bac m. Thay cdc gid tri so, ta nhdn
dwoc N = 4000.

Ciu 16. Mot qua cdu c6 ban kinh R trong hé toa d6 riéng cua nd. Qua cau chuyén
dong voi van tdc v=0,5c doc theo truc x trong hé toa do phong thi nghiém, trong do ¢
1a téc d6 cua anh sang trong chan khong. Pdi v6i nguoi quan sat ding yén trong hé
toa d6 phong thi nghiém, phuong trinh x4c dinh bé mat qua cau do 1a

A. GBi4x>+y*+z’ =R? B. Xty 2z’ = 4R%/3
C. (x/2)+y*+z" =R’ D. @4/3)x*+y*+z’ =R’
bapan: D

Phuwong trinh mat cau trong hé toa do riéng cua qua cau la

2 2 2
x2+yz+22=R2 hay (1) +(lj +(£j =1 .
R R R

Doi véi nguoi quan sdt dieng yén, kich thuée qud cau theo chiéu truc x la
2
v 43

R =R 1—(—
c 2



Do @6, xét trong hé toa dg phong thi nghiém, phwong trinh bé mdt qua cdu la
2 2 2
4
(L) +(Z) +(£j =1 hay —x*+y*+z"=R*.
V3r/2) \R) \R 3

Cau 17. Mot giot thily ngan hinh céu c6 dién tich 8Q tach thanh 8 giot hinh cau nhu
nhau c6 cing ban kinh va dién tich. Sau khi cac giot thity ngan tach ra xa nhau dén
mirc c6 thé bo qua twong tac giita chiing, ty 1 phan trim ctia ning lugng tinh dién ban
dau chuyén sang dang ning luong khéc 1a

A. 0% B. 25%
C. 50% D. 75%
Papan: D
. N 2
Nang luong tinh dién cua qua cau dan dién ban kinh R va co dién tich q la F—_— .

Mbi giot thity ngdn nhé c6 dién tich Q va ban kinh bang 1/2 ban kinh giot thity ngdn
ban dau. Nang lwong tinh dién ciia méi giot nhé bang 1/32 ndng lwong tinh dién ciia
giot thiy ngdn to. Do dé nang lwong tinh dién ciia 8 giot bang 1/4 nang lwong tinh
dién ban dau. Viy 75% nang lwong tinh dién da chuyén sang dang nang heong khdc.

Céu 18. Mot khdi khi 1y twong gidn né théa man phuong trinh PT? = const. Hé s6 no
khoi cua khi nay la

A. /T B. 2/T
C. 3/T D. 4/T
bapan: C

Tir phwong trinh trang thdi PV = nRT két hop véi phiong trinh PT° = const suy ra
T2 =aV (aldhingsé). Tacé

2
adV:3T3dT . d—V:idTE;/dT L=
aV T VT

voi yla hé so no khoi.

3
T

Céu 19. Nang luong can thiét dé chuyén ion He' thanh ion He"" 1a bao nhiéu, biét
rang nang lugng ion hoa cia hydro 1a 13,6 eV?

A. 13,6 eV B. 29,2 eV C. 428eV D. 544¢eV
Dap an: D
Cdac mirc nang lwong cia nguyén tir hydro ty 1¢ voi ¢’ e la dién tich nguyén t6. Do do

cdac mirc nang luong cua hé gom mot electron va hat nhdn ¢é Z proton ty 1¢ véi Z°.
Vay nang lwong trang thdi co ban ciia ion héli He" la

E(He') =4 EH) =4(-13,6 eV) =- 544 eV ,
voi E(H) la nang luong trang thai co ban cua hydro.
Do do, nang lwong ion hoa cua ion héli He' la 54,4 eV.



Cau 20. Mot dong xu bang dong truot khong ma sat trén mit ban nam ngang, di qua
mot mién hinh vudng (c6 kich thude 16n hon nhiéu kich thudc doéng xu) co tir trudng
déu khong ddi vudng goc voi mit ban (xem hinh v&). D6 thi ndo phac hoa tdc do cua
ddng xu nhu 14 ham cua thoi gian?

\
o—

VRORX

OSSO Y

VRO

SRS Y

RDRORXX
vs}

VA VA
>t >t
A B
VA VA
>t >t
C D

bap an: C

Khi dong xu chuyén dong & bén ngodi mién tir trieong hodc nam hodn toan trong mién
tir trieong thi tir théng qua mdt dong xu khong thay daoi, trong dong xu khong co dong
dién cam ing, khong cé luc tac dung lén dong xu, do d6 dong xu chuyen déng véi téc
aé khéng doi. T rong khoang thoi gian dong xu di qua ranh giGi mién tir truong, tir
thong qua mat dong xu thay doi, trong long dong xu c¢é dong dién cam ing, liwc tir ¢6
tdc dung can tro dong xu di vao mién tir truong (& ranh gioi phia bén trdi) hodc di ra
khoi mién ti truong (o ranh gioi bén phai), lam giam toc do ciia dong xu. Do dé do
thi C phdc hoa sw thay déi theo thoi gian ciia toc dg dong xu.
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PHAN GIAI BAI TAP
(180 phut khong ké thoi gian phat dé)

Bai 1.

Cho mét vanh manh lam bang chat dién moi, ban kinh R, tich dién Q > 0 phan b déu
trén vanh. Vanh duge dit nim ngang trong trong trudong. Mot hat bui rat nho khéi
luong m, tich dién q > 0, nam trén truc cuia vanh & phia trén cach tam vanh mot
khoang z, (xem hinh v&). Bing dd thi, hiy khao sat chuyén dong cua hat bui phu
thudc vao vi tri ban dau z, (xét tinh chét cua chuyén dong: déu, nhanh dan, cham dan,
dao dong ..., cac vi tri can béng). Gia thiét réng hat bui chi chiu tdc dung cta trong
luc va lyc tinh dién gay ra bdi vanh.

Bai giai

Chon tryc z trung voi truc cua vanh, hudng 1€n trén, diém z = 0 dat tai tAm cia vanh.
Luc tong cong tac dung 1én hat bui 1a

F(z)=F,+F,
:k—(R2 552)3/2Z_mg , (1)
trong do k = de, =8,99.10° Nm*/C* , g 1a gia tdc trong truong, F, 1a lyc tinh dién,
Fylaluc hap dén.



D& thiy F, (0)=0, F, > O khi |zl > 0, F,>0v6iz>0,F,<0vSiz<0.Do thi
biéu dién sy phu thudc cua F, vao z ¢c6 dang

z/R

Gié tri cuc dai F, . cua F, dat dugc tai diém z; > 0 1a nghi¢m ctua phuong trinh

dF, _ . 2490
I =0. Ta nhan dugc z; = R/\/_ Fy max = k33/2R2

Do thi ctia luc tong cong F(z) c6 dang glong d6 thi cta F,, nhan duoc bang cach tinh
tién d6 thi F, nguoc chiéu truc z mot doan bang mg.

o Truong hop F,max < mg:
Lug téng cong FF < 0 tai moi diém, hat bui sé& chuyén dgf)ng nhanh dan nguoc
chiéu truc z ra xa vo cung, khong phu thudc vao vi tri ban dau cta hat bui.

o Truong hop F, max = mg:
F<0néuz = zy va FF'=0taiz=z. Do do, néu z, # z, hat bui chuyén dong nhanh
dan nguoc chiéu truc z ra xa vo cung. Vi tri z = z; 1a vi tri can bang khong bén.

o Truong hop F,max > mg:
Do thi cua lyc tong cong F(z) nhu 13 ham cua z ¢6 dang

F(z)i
0 Zz_:Zl %3 z

D

Luc tong cong F=0tai hai diémz, , z3 (0 <z, < z;<z;). F <0 néuz< gz
hodcz>z;, F>0néu z, <z<z;.Thé nang tong cong cua hat bui la




Uz) = —[dz F(z) = —kqO[ d= z
!)- g (R2 + 22)3/2

+ mgz

1 1
=kqQ {—,—Rz e - E} + mgz (2)

v6i diéu kién U(z=0)=0. Do thi ctia U(z) ¢ dang

U

Ky hi¢u z4 1a diém ma U(z,) = U(z,). Do do,

- Néu zy < z; hoac zy > z, : hat chuyén dong nhanh dan nguoc chi€u truc z ra xa
vO cung.

Néu z; < zy < z4 , hat dao dong xung quanh vi tri z;. Néu z, rat gan z3, lyc tac dung
1én hat c6 bi€u thirc gan diung

Fi)=-ag 3)

trong do

dF
=z—-z3 , O=——
g 3 5

2
— 49 {1— 323 }o. 4)

/2 2, .2
z=z3 (R2 —kz%)3 R” + 23
Trong trudng hop ndy, hat bui dao dong diéu hoa xung quanh vi tri z; v6i tan sd

. a0 aa
goc a):1fz,blendo $o :‘zo —23‘ :

Vi tri z; 1a vi tri can bang khong bén,vi tri z; 1a vi tri can bang bén.



Bai 2.

Xét mot chu trinh gom hai qué trinh dang tich va hai qué trinh dang ap. Trén hinh v&
1a gian do p-V cta chu trinh. Hoat chat 1a 1 mol khi ly tuong gom cac phan tu hai
nguyén tu. Diém gita dudng dang ap phia duoi H va diém gitra duong dang tich bén
trai E ndm trén cung mot duong dang nhiét Gmg voi nhiét do T;. Dlem gitra duong
dang ap phia trén F va diém gitta duong dang tich bén phai G nam trén cting mot
duong dang nhiét ing véi nhiét do T,.

a. Xac dinh nhiét do cua khéi khi tai cac diém A, B, C, va D.

b. X4c dinh cong khdi khi thuc hién trong chu trinh ABCDA.

¢. Xac dinh hiéu suat 1y thuyét cia may nhiét hoat dong theo chu trinh nay.

pA
T, T,
B \F C
\G
E\ ~_
A H D
\Y%
Bai giai
pA
T, T,
B \F
Ii G
FRTT
A H D
v

a. Trong qua trinh dang tich, 4p suét ty 1& thuan véi nhiét do. Tuong tu, trong qué
trinh déng ap, thé tich cling ty 1€ thuan véi nhiét do.

Puong EG 1a duong dang ap, duong FH 1a duong dang tich. Tai giao diém I cua
duong EG va FH ta co



Tg + T, 1
Ty =——— ) ¢ :E(Tl +T,) . (1)

Ta cling co

T_B:T_CZE TA:TD:TH (2)

Tg Te T , Tg T T
Do do,

TeT  2T\T, TcTy 2TT,

TB = T = T , TD = = )
T, Ty 2T TeTy 2T

b. Cong W do khdi khi thue hién trong mot chu trinh béng dién tich hinh chir nhat
ABCD. Do d6
W =g —Pa)(Vp =Va)=pPVp =PVa =PaVD +PaVa

=pcVe =PV —PpVp +PaVa =R(Tc =Ty =T + T, ) (4)
2
—2R (T2 — Ti)
T, +T,
¢. Nhiét dung mol dang tich C, va dang ap C, cua hoat chat 13
5 7

Hoat chat nhin nhiét trong cac qua trinh AB va BC. Nhiét luong twong tng 13

5 2T(T,-T,)
=C,(Tg -T,)==R=—12_VU 6
Qup =Cy(Ty ~Ta)=7 L+T, (6)
7.2T,(T,-T))
=C (Tp - Tg)=—R=—22_ "1V 7
Que =Cp(Te ~Ty)= R "5 (M
Nhiét lugng téng cong hoat chit nhan duoc 1a
(7T, + 5T, (T, - T;)
_ n _RV 12 N2~ 8
Q=Qus +Qsc T 4T, (8)
Vay hiéu suat 1y thuyét cia may nhiét 13
_E_ 2(T2 _Tl) (9)
i Q 7T, +5T,



Bai 3. Sw mé rong ciia vach phd nguyén tir
a. Pé mo ta phd birc xa dién tir cia nguyén tir, ngudi ta ¢6 thé sir dung mo hinh dao
dong tir di€u hoa. Trong md hinh nay, nguyén tor duoc xem nhu mot hat cd khoi
lugong m, dién tich e, dao dong mot chiéu véi luc phuc hdi — m(n% x.0 day, ogla tan
s0 gbc cua brc xa dién tir do nguyén tir phat ra.

Pé mo ta do rong tu nhién Aoy (vi du, do phat xa tu phat) cua vach phé, ta co thé
dua vao lyc ma sat ty 1€ vo1 van toc cua dao dong tu diéu hoa, F, i =—y xchot> 0,

v6i v 13 hang sd, 0 < T, Luc ma sat ddn dén dao dong tat dan, ning luong cia
mawmg
dao dong tir giam theo thoi gian.

Néu ning lugng ctia dao dong tir giam theo thoi gian theo quy luat ham s6 mi thi sau
khoang thoi gian t nang lugng cua dao dong tir giam di e lan. Khi doé t duge goi 1a
thot gian song cia mure nang lugng kich thich ctia nguyén tu.

Hay tim bi€u thic mo ta su suy gidm ndng lugng cua dao dong tir theo thoi gian va
xac dinh d¢ rong tu nhién Awry cua vach phd Ung vo1 tan s ®(trong mo hinh noi
trén.

b. Ngoai m¢ rong tu nhién, md rong Doppler Awp
1a sy mod rong vach phd do hiéu ung Doppler trong
hé nguyén tir hay phan tir c6 mot phan bb van tbc
nhat dinh. Céc hat (nguyén tir hodc phén tir) phat
xa ma c6 van toc khac nhau s& c6 do dich Doppler
khac nhau, din dén vach phé bi m¢ rong. Su md
rong do chuyén dong nhiét cua cac hat dugc goi la
m¢ rong Doppler do nhiét. Trong truong hop nay,
d6 mo rong vach phd 13 d6 rong cia phan bd phd
cuong do bic xa & ntra cyc dai, chi phu thudc vao
tan sd cua vach phé, khoi lugng cua hat phat xa va
nhiét do cua hé hat (xem hinh v¢).

Cho mot khéi khi don nguyén tir. Xét vach pho Gmg véi tan sb ®, do cac nguyén tu
phat ra khi dung yén. Gia sir khbi khi & nhiét d6 T va phan bd véan toc clia nguyén tir
tuan theo phan bo Boltzmann

2
PV)dv =, |—— e ™D 4y
2n kT

trong d6 m 1a khéi lugng cua nguyén tir, k 13 hang sé Boltzmann, v 13 thanh phan van
toc theo mdt hudng cho trude nao do.

Hay chimg minh d6 md rong Doppler do nhiét dugc cho bai biéu thic

Ao =220 [2m2)kT
C m



Céac nguyén tir chuyén dong nhiét c6 téc dd nho so voi toc do anh sang trong chan
khong c nén co6 thé bdé qua cac hi¢u ung tuong doi tinh.

¢. Mot dén thuy ngan phat xa 10'® photon trong mot gidy tng véi vach phd 2537 A.
Gia thiét rang hoi thay ngan trong dén c6 mat d6 nho va ¢ trang thai cAn bang nhiét
c6 nhiét 6 T = 300 K. Hiy tinh 46 mé rong Doppler ctia vach phd. Cong suét birc xa
ctia dén & vach pho nay 13 bao nhiéu?

Cho biét khdi luong mot nguyén tir thily ngan 12 m = 3,33x10% g, hang sb
Boltzmann k = 1,38x107 J/K, hang sb Planck h = 6,626x10™"* Js .

Huwong din
Xét phuong trinh vi phan
d? d
A—f(xX)+B—f(x)+C=0
dxz dx

trong d6 A, B, va C la cac thong sd khong phu thudc vao bién sb x. Loi giai cia
phuong trinh trén c6 thé tim dudi dang

Sf(x)oce””
v6i 13 thong sb khong phu thudc vao x va duoc xac dinh boi cac thong sé 4, B, C .
Bai giai

a. Phuong trinh chuyén dong cua dao dong tir diéu hoa khi c6 luc ma sét

miiz—m(o(z)x—yx : (1)
Tim nghi¢m dudi dang
x(t) ~e* 2)
ta nhan duoc
.
x(t)=xpe 2m ™00 | >0, (3)

Ta c6 thé chon mot trong hai nghi¢m trén, vi du, nghi¢ém timg véi diu +.
Ning luong cua dao dong tir diéu hoa W ty 18 véi x|, do do

T,

W = WO e m . (4)
Theo dinh nghia (43 néu & dau bai), thoi gian séng cua mirc ning luong kich thich
cua nguyén tur 1a
m
Y

Tuong mg, theo nguyén 1y bat dinh giita ning luong va thoi gian, d6 rong clia mirc
nang lugng kich thich I' théa man

(5

T=



[t>n , do do F:ﬂ : (6)
m

Do mirc nang luong kich thich c6 d6 rong I nén vach phd twong tmg c6 d6 rong tu
nhién

ACOTN = =— . (7)

b. Gia st nguyén tir chuyen dong vai van toe v theo phuong hudng vé ngudn thu burc
xa: v > 0 (v < 0) néu nguyén tu chuyen dong vé phia nguon thu (ra xa ngudn thu).
Khi d6, do hiéu tmg Doppler, ngudn thu ghi nhan birc xa co tan sb

O =M 1+V/sz0(l+zj : (8)
1-v/c C

Cudng d6 buc xa c6 tan sb trong khoang (o,0+dw) ty 18 véi sb nguyén tir c6 van tde
trong khoang (v,v+dv). Do do,

I(0)do =1Ije do , 9)
trong d6 I(®) 14 phan bd phd cuong do birc xa, I, 13 gia tri cuc dai ciia phan bd pho.
Ky hi¢u Amp 1a do rdng Doppler. Ta co

I(w-Awp/2) = [(wytAmp/2) =1,/2 . (10)
T (9) va (10) rat ra

Aop =220 ) kT (11)
C m

¢. Bi€u thure lién h¢ tan s6 vai budc song cua buc xa la
2nc

(DZT ) (12)

do 6, tmg voi budc song A = 2537 A 1a tan s6 o = 7,43 .10 s Do rong Doppler
cua vach pho la

Aop=6,5.10" s . (13)
Cong suat buc xa A duoc cho bai biéu thire
A=nho , (14)
trong d6 n 1a s6 photon phat ra trong mot don vi thoi gian. Vay
A=0,78W . (15)



Bai 4.
Mot tia laser di vao moi trudng cd ddi xting cau (xem hinh v&). Chiét sut ctia moi
truong thay doi theo khoang céach r to1 tam doi xing O theo quy luat

n d r 2T

0~ > =10
n(r) = Ty

n . r<ry
Puong di cua tia laser nam trong mit phang chia tam O. O khoang cach r; > r,, tia
laser 1ap géc ¢ vdi véc to ban kinh r; (xem hinh v€). Tim bi€u thuc xac dinh khoang
cach nho nhat tir tam O dén tia laser.

Tinh khoang cach nhé nhat d6 véing = 1, ry = 30cm, r; = 40cm, Q= 30°.

Bai giai

Chia méi truong thanh cac 16p cau co do day di nho dé c6 thé xem mdi trudng trong
tung 16p 1a dong nhat c6 cung chiét suat. Xét hai 16p ké nhau bat ky co chiét suat n;
va n, nhu trén hinh v&. Theo dinh luat Snell ta c6

n;sinf =nj,siny . (1)
Mat khéc, ta cling co
I I : Ry .
SO _ sinp — sinp =—Lsina . (2)
R, Ry R;

Thay (2) vao (1), ta nhan duogc



nR;sina =n,R,siny . (3)
Tong quat, doc theo duong di cua tia laser, ta co
r n(r) sing(r) = const. (4)
trong do ¢(r) la goc gitra tia laser va ban kinh tai diém t6i trén miat cau ban kinh r.
Hang s6 bén vé phai ctia (4) ¢6 thé chon 1a

const =ryn(ry )sing(ry) . (5)
Thaylﬁéuth&ccﬁan@)véo(4)Vé(5)tanh&nduqc
%o 2smgp(r) ——rl sing(1)) néu r>r, , (6)
To To
. g 2 . A
rng sing(r) =—r1; sing(r;) néu r<ry . (7)
To
Tai khoang cach cuc tiéu 1 = 1y, ta co
dr’)=0 hay rdr=0 . (8)

Diéu nay c6 nghia hudng truyén cua tia laser vuéng goc vdi ban kinh r, tirc 13 @(fmin)
=90°. Do d6

n 2 n x
—Ormin ——Orl sing(ry) néu rppp >ty 9)
To Io
n 2 . X
Tin Do = r—Orl sing(ry) neu Ipin <Trp . (10)
0

Suy ra

Tmin = I14/S1NQ; néu r./sing, > 15 , (11)

2
T; . x s

Tmin =Lsm(p1 néu r/sing; <1y . (12)
To

2
4 . 4 \ . r 14 *~ 14 /‘\ 9 .
(Néu r4/sing <1y, tcla sing < (—OJ , g0c (1) = g gilta huong truyén cua tia
|

laser v6i ban kinh tai khoang cach r, nhd hon 90°. Tia laser s& di thang trong mién
ban kinh ry).

Vi céc gia tri s6 da cho, ta co

2
1 I'O 9
SIH(P1 = —< =—
2 I'l 16

Do d6 1., duge xac dinh bai biéu thic (12), rmin = 26,7 cm.

10



BOQ GIAO DUC PAO TAO HOQI VAT Li VIET NAM
Olympic Vat Iy sinh vién Toan qudc 1in thi XVIII
Pé thi THU'C NGHIEM
(Thoi gian lam bai 180 phut)
XAC PINH PIEN TiCH PIEN TU VA PAC TRUNG LAM VIEC CUA TRANZITOR

I. Co s6' Iy thuyét

CAu tric tranzitor ludng cuc dugc phat minh béi ~ (| S| S
William Shockley tai phong thi nghi¢m Bell vao nam 1948.
Mot nam sau, John Bardeen va Walter Brattain di 1an dau

tién ung dung cdu triic va ché tao thanh tranzitor (Ho dugc E [: :]
A A 1s o x A , . ¢ S
trao giai Nobel vé vat ly nam 1956). Cau truc tranzitor bao

gdm ba 16p ban dan pha tap, 16p giita mong va duoc pha
tap trai ddu véi hai 16p bén ngoai. Vé phuong dién ciu tao, @ @

transistor twong dwong vai hai diét ddu nguoc chiéu nhau.

5 £

Transis

Do kiéu sap xép cac 16p pha tap nén hinh thanh hai loai
tranzitor la tranzitor thudn PNP va tranzitor nghich NPN c6 ky hiéu nhu hinh v&. Ba 16p ban dan
dugc ndi ra thanh ba cyc. Lop giita rat mong c6 nong do tap chat thap dugc goi la cuc goc (ky
hiéu 12 B - Base). Hai 16p ban d4n bén ngoai dugc ndi ra thanh cuc phat (Emitter ) viét tit 1a E,
va cuc thu hay cuc gop (Collector ) viét tat 1a C. Ving ban dan E va C c6 cung loai ban dan (loai
N hay P) nhung c6 kich thudc va nong do tap chat khac nhau nén khong hoén vi cho nhau dugc.
Tiép giap P-N giita cuc phat (E) va cuc gdc (B) goi la Jg, giira cuc gop (C) va cuc goc (B) 1a Je.
Khi Jg phan cyc thudn, J¢ phan cuc nguoc thi tranzitor hoat dong ¢ mién tich cuc va thuong ung
dung dé khuéch dai tin hiéu.

Theo 1y thuyét ban dan vé chuyén tiép P-N khi phan cuc thuan (cuc duong, dong dién tirc
thoi I chay qua 16p chuyén tiép P-N quan hé véi dién ap tirc thoi U dat trén hai dau chuyén tiép

eU

dang I=1,(e" —1)v6i T 1a nhiét do tuyét dbi tai mdi P-N, k=1,38.107 J/Kla hing sb
Boltzmann; Iy 1a dong dién bao hoa khi chuyén tiép P-N phan cuc nguoc; e la dién tich dién tur.
Trong thi nghi¢m nay, béng viéc khao sat dic trung dién cta 16p chuyén tiép PN ciing nhu dic
trung cuia tranzitor ta c6 thé xac dinh dugc cac thong s lam viéc co ban cua tranzitor cling nhu
x4c dinh duoc d6 16n dién tich cua dién tir néu coi nhu da biét trude hﬁng s6 Boltzmann.
II. Dung cu thi nghiém

- Hop thi nghiém c6 so d6 d4u linh kién va chdt cim nhu hinh vé.
- 01 dong ho do dién st dung nhu 1 von ké c6 kém san day do.

- 02 dién tro R; va R d4 biét trude gia tri

- 03 day ndi.



Luu y:

- Trudc khi bt nguon dién can kiém tra lai chan cam dong hoé va thang do.
- Khi do thé ¢ thang do nhé can phdi can trong tranh gdy hw hong dong hé.
- Khéng bao gi¢ chuyén thang do khi dang c6 dién & dau do.

II1. Yéu ciu thi nghi¢m

1. Khao sat dic trung I-V cuia 16p chuyén tiép p-n giita chan B va C cia tranzitor dé xac
dinh loai tranzitor. (5 diém)

2. Xac dinh gid tri dién tich dién tir (20 diém)

3. Xac dinh hé s6 khuéch dai va gi6i han lam viéc tuyén tinh cua tranzitor. (5 diém)



OLYMPIC VAT LY SINH VIEN TOAN QUOC LAN THU XIX
PAI HQC DUY TAN -2016

CAU HOI TRAC NGHIEM

Caul

Hai binh chira khi X va Y duoc ndi v6i nhau bdi mot ng nho. Thé tich binh X gap
hai 1an thé tich binh Y. C4c binh nay chira cing mot chat khi Iy tuong va & trang
thai 6n dinh. Nhiét do trong binh X 1a 200 K, trong binh Y 1a 300 K. Binh X ¢6 n
mol khi. Hoi lugng khi trong binh Y 1a bao nhiéu?

Tx=200 K Ty=300 K
A. n/3 B. n/2 C. n D. 2n

Pap an: A
Khi trong hai binh & trang thdi én dinh nén dp sudt & hai binh bang nhau. Ta c6
PVy=nyRTy , PVy=nyRTy
Chia hai phwong trinh cho nhau, rut ra
Ve meTye g o, BTy 1,
Vy ny Ty Ve Ty 3

Cau 2

Séu doan day dan giéng hét nhau, mdi doan day c6 dién tré R = 8 Q. Cac doan day

noi véi nhau tao thanh cac canh ciia mot hinh tr dién déu. Néu noi hai dinh vao

nguon di¢n mot chi€u thi dién trd ctia cau hinh nay gitra hai dinh d6 1a bao nhiéu ?
B

A, 48Q B. 16Q C. 8 Q D. 4Q



Papan: D

Gia sir néi hai dinh A va B vao nguon dién. Do doi ximg, dién thé cia hai dinh C
va D bcing nhau nén khong co dong dién chay trén doan mach CD. Mach dién da
cho (1) twong dwong véi mach dién (2). Dé dang tinh dwoc dién tré ciia mach da
cho la 4 Q.

' Y@

(1) )

Cau 3
Cuc dai bac cao nhit xuat hién & géc bao nhiéu néu dung anh sang budc song 450
nm chiéu vao cach tir nhiéu xa c6 600 vach trén 1 mm ?
A 27  B. 54 C. 68 D. 85°
Pap an: B
Cuc dai bac m xuat hién o goc 6 thoa man diéu kién

sinezmgzmlnﬁl ,

trong do n la s6 vach trén mét don vi d dai cua cach tir. T hay gia tri cua A va n, ta
co m<1/0,27=3,7. Vay bdc cao nhat cia cwc dai la m=3. Do d6, cuc dai bic cao
nhdt xudt hién ¢ géc 0 théa man

sind=3-027=081 =  0=54° .

Cau 4

Hai miu dong vi phong xa X va Y c¢6 cung d6 phong xa A, ¢ thoi giém t=0. D(:Sng vi
X co chu ky ban rd 12 gio, con'Y la 8 gio. Hoi do phong xa ctia hon hop hai dong vi
nay tai thoi diém t=24 gid 1a bao nhiéu?
1 3 1 3
A — B. — C. - D. -
12 Ao 16 Ao 6 A 8 Ao
Pap an: D N 7 7
Do phong xa cua mau phong xag o thoi diém t dwoc cho boi biéu thurc
—Lln2 .
A(t)=Aqe RZA trong do t,, la chu ky ban rd cua chat phong xa. Do do, sau 24
gio, dg phdng xa cia cdc mau la



24
1 E 1 A e A .
Ax =Ay| = | " =—Ay doivoidongviX,

2 4
24
Ao = A 18_1A déi véi dé .
v =Aol 5| Tgho oi voidong viY .

D6 phong xa cia hon hop la
A = AX + AY = %AO

Caus
Mot hat khbi lwvong m chuyén dong trong thé mot chiéu V(x) = -ax* + px*, trong d6
o va B 1a cadc hang s6 duong. Tan s6 géc cua dao dong nhd quanh vi tri can bang
bén 1a

A. al/imp) B. La/(2m) C. 2va/m D. “Ja/m
bapan: C

. ’ A M )4 . \ 1 dV . ’ A M A ’
Vi tri can bang dwoc xdc dinh tw phuong trinh d_ =0. Vi tri can bang bén co toa
x

a6 x, =+ /% . Vi V(x) = V(-x) nén hé khong déi khi thue hién bién déi x — -x.
Do d6 chi can xét dao dong nhé quanh vi tri x, . Pt x = x, + &. Phuong trinh

R A A ” . ’ ’ & 4 A A
chuyén dong cho dao dong nho quanh vi tri x.. co dang & + _0(5 =0. Suy ra tan so
m

goc cua dao dong nho la o =2~a/m .

Cau 6
Trén hinh v& 13 db thi ham séng ciia mdt hat vi mo chuyén dong mot chidu (y(x) = 0
cho x <2 hodc x > 7). Xéc suat tim thay hat trong mién 3 <x <5 1a

A

V)




A. 3/7 B. 9/11 C. 2/5 D. 10/23
Dapan: D

j|‘P(x)|2dx
Xac sudt tim thdy hat trong mién V la W = I;— . Do d6, xdc sudt tim thdy
'[|‘P(x)|2dx
. —0o0
hat trong mién 3 <x < 5 la
2% x1+4% x1 20 10

W= =27
12 x14+2%x1+4%x2+3%2x1 46 23

Cau 7
Cho khéi khi Iy twéng gdbm N phan tir phang (xem hinh v&)

Nhiét dung ciia khéi khi 1a
A.  4,5Nky B. 6Nky C. 9Nk, D. 12Nk

Pap an: C ’
Nang luong cua khoi khi

E= N%kBT(s, +5,+2s,),

trong do s, , s, , va s, lan lwot la bdc tw do ung voi chuyén dong tinh tién, chuyén
dong quay cua phan tw va dao dong cua cdc nguyén tu tao thanh phan tu. Do do,
nhiét dung ciia khoi khi cho boi biéu thirc

C:%:%NkB(St +5,+2s,)
Doi véi phdn tik phang s, = 3, s, =3, va s, =6. Viy nhiét dung ciia khéi khi phan tir
phang la C=9Nky .

Cau 8

A s o 3 A A L2 A ~ A X 14 A r A
Do thi & hinh bén mo6 ta sy phan ra cia mét mau carbon “C ban dau c6 Ny nguyén
tir. Piém nao trén truc thoi gian ¢ co thé biéu dién thoi gian ban ra ciia '*C?



S6 nguyén tir chwa phén ra

Ny

R e e

P S G

I [ | (U
R Y Y Y

Fe g - - = -

C D t
A A B. B C. C D. D

Pap an: A
Sau khoang thoi gian ban ra, 6 nguyén ti chua phan ra bang mdt nira sé nguyén
tir ban ddu. Diém A twong vg véi diéu do.

Cau9
Mot vong day kim loai hinh vudng dat trong tir truong ddng nhat. Mat p}}elmg7 vong
day vudng goc vai tu truong nhu trén hinh v&. Néu dang cta vong day bién doi dan
dan thanh hinh tron trong cung mat phang, khi dé

A. Khong c6 dong dién trong vong day.

B. Dong dién trong vong day nguoc chiéu kim dong ho.

C. Dong dién trong vong day cung chiéu kim dong ho.
D. Khong xac dinh dugc chiéu dong dién.

X &

PRI IR

&
&
® B
&
&

R R KRR
R
RNR R

Dap an: B

Hinh tron co dién tich [on hon hinh vuong co cung chu vi. Vi vay, trong qua trinh
dang vong ddy bién doi, tir thong qua dién tich vong ddy ting lén. Trong vong ddy
xudt hién dong cam vg. Theo dinh ludt Lenz, tir trwong gdy béi dong cam vmg cé
chiéu nguoc véi tir truong ngodi, tirc la hiedng tir trong ra ngodi. Do d6, dong cam
ing c6 chiéu nguoce chiéu kim dong ho.



Cau 10

Proton c6 dién tich e, khdi luong m, duogc gia tdc bai hidu fiién thé 7t trang thai
ding yén. Budc song de Broglie cua proton (khong tuong doi tinh) 1a

h B. h C. h D. h
emV 2emV 2~ emV 2emV

trong d6 4 1a hang s6 Planck.

A.

Dap an: B

Theo thuyét lwong tir, budc séng de Broglie ciia mét hat la A = h/ pvéi p la dong
luong cua hat. Bi qua hiéu dién thé V, proton nhan dwoc nang lwong E=eV. Do do
dong luong cua proton la p =~/2meV — ddp dn B.

Cau 11

Mot day dan thang dai vo han c6 dong dién cuong do I dugc dat cach khung day
dan hinh vudng c¢6 canh a mot khoang b. Day din nam trong mit phang cta khung
day va song song voi mot canh khung day (xem hinh v&). Dién tr¢ cua khung la R.
Cuong do dong dién trong day thang giam dan dén 0 trong thoi gian t. Dién tich
chay qua tiét dién ngang ctia ddy dan tai mot diém trén khung day trong thoi gian t
la

I
- - POV >
b ' a '
! I
A. ﬂo—bnb+at B. Ho alnb+at
2z b 27R
C. ﬂolalanra D. Holb nb+at
27R b 27R
Papan: C

Néu cuong do dong dién trong ddy dan thang la I thi tir théng qua dién tich gidi
han boi khung day la

. ,uolalna+b a+b

, do d6 dp=dl 2%
27 b 27

Dién lwong qua tiét dién ngang ciia ddy trong thoi gian t dwoc cho boi biéu thire



t £ do
O=(Idi = —‘—
= el

I
dt:Mm“_J“bJ'd[:ﬂO_allna_er
27R 0 27R

Cau 12

Mot soi toc ndm & ria gitra hai ban thay tinh phang. Khi chiéu hé nay bang anh sang
co budc song A=600 nm, ngudi ta quan sat thay c6 121 vach t61 tinh tur vi tri hai
ban nay tiép xuc vo1 nhau. Héi soi toc day bao nhiéu ?

A 1,610°m  B. 3,610°m C. 1,210°m D. 3,6:10"m
Pap an: B
Ky hiéu y la khoang cach hai ban thuy tinh tai vi tri co vach sang, x va L lan luot la
khodng cdch tir vach sang va tir si toc dén vi tri hai ban tiép xiic nhau, d la do day
cua soi toc, ta co

2y:(k+%jﬂ, ,  k=0,1,2,3, ..
L L 1\4
X=—y=—|k+—-|=
d d 2)2
Khoang cach giita hai vach sang la
sz££ ,  dodo a’:ii )
d?2 Ax 2
Vivi tri tié}) xtic la vach t6i nén sé vach sang n= é =120. Thay gia tri s6, ta nhdn

dwoc d=3,6-10° m.

Cau 13
Positronium 1a hé gdm electron va positron (phan hat cua electron) lién két véi
nhau. Nang luong trang thai co ban ctia positronium vao khoang

A, -272eV B. -13,6 eV C. -6,8¢V D. -34eV
Pap an: C
Positronium ¢6 cdu triic giong nhw nguyén tir hydro. Cdc mirc ndng lwong ciia né
duoc cho boi biéu thire
,ue4 1
En=- 5323

327 h gy n
trong dé u la khoi lwong rit gon cia electron va positron, 1 = m¢/2. Nhuw vy, cdc
mikc ndng lwong ctia positronium bang Vs mirc nang lwong twong ing ciia hydro.
Suy ra nang luong trang thai co ban cua positronium la -6,8 V.



Cau 14

Mot khéi khi ly twong duge chira trong ong nghiém c6 duong kinh 5 mm. Khoi khi
nam trong phan c6 chiéu cao L, ¢ phia day 6ng va duoc ngan cach voi khong khi
bén trén boi mot giot thuy ngén co khdi lugngm =2 g. Néu quay ngugc ong rat
nhanh sao cho giot thily ngén van gitra khéi khi ¢ phia trén thi kh01 khi chiém phan
ong c6 chiéu cao L,. Ty s6 Ly/L; 1a bao nhiéu néu ap suat khi quyén 1a 10° Pa ?

A. 1,01 B. 1,02 C. 1,03 D. 1,04

Pap an: B
Ky hi¢u Vy va V, tuwong ung la the tich phan ong chita khéi khi treée va sau khi lat
nguge ong, S la tiét dién cua ong, g la gia toc trong truong. Vi lat nguoc ong rt
nhanh nén cé thé gia thiét nhiét dé ciia khoi khi khéng doi khi It ngwoc ong. Ta c6
Vl(p+—gj= Vz(l? —%j hay Ly _p+mgls
S S L p-mg/S
trong do p la dp sudt khi quyén. Thay gid tri s6 cia cdc dai lwong, ta nhdn dwoc
L,/Ly = 1,02.

Cau 15

Ba vé tinh A, B va C c6 cung khdi luong chuyén dong trong cing mit phang xung
quanh mdt hanh tinh nhu trén hinh v&. Quy dao cta v¢ tinh A va C la duong tron,
con quy dao cua vé tinh B 13 duong elip. M6 men dong lwong cua cac vé tinh dbi
v6i hanh tinh ¢6 do 16n 1an lugt 1a L, Ly va Le. Két luan nao dudi day vé mo men
dong luong cua céac v¢ tinh la dang

A. Ly>Lg>Lc
B. Lc>Lg>La
C. Ly >La > Lc
D. Khéng xéac dinh dugc vi thiéu théng tin.

Dap 4an: A
Theo dinh ludt Kepler 2, ta cé T
ds T T
L=2m—" = [ Ldt=2[ mdS , hay LT=2mS .
0 0

O day, m la khoi lwong ciia vé tinh, dS la di¢n tich véc to ban kinh quét trong thoi
gian dt, T la chu ky cua chuyén dong cua vé tinh quanh hanh tinh, S la dién tich
gioi han boi quy dao cua vé tinh. Theo dinh ludt Kepler 3, T o R3'2 véi 2R la do

8



dai truc lon cua quy dao hinh elip cua vé tinh. Mat khac, S A.C = ﬂRi’C ,
Sp = ERBR};, trong 6 Ry la nika d§ dai truc nho ciia quy dao elip ciia vé tinh B,
Do do
S4.88.5¢c
LyLg:Le =7~ =Ry ==y Rc .
T, Tg Tc \/
Theo hinh ve, ta co (fp la tiéu cu cua quy dao vé tinh B)
12 2 2 2
Rp _,_J3 _1_(RB -R¢) _1_(1_ ch _Rc (2_ ch> Rc
2 2 2 B B
Rp Rp Rp

= R >Ry > {\/RB?_\/%]>[\/E R_C:\/E]

DOdé, LA>LB>LC .

Cau 16

Xét bai toan twong dbi tinh:

Mot nguoi quan sat o trang thai dimg (dimg yén hodc chuyén dong thang déu) nhin
mot toa xe chuyén dong déu. Toa xe c6 mdt guong dat ¢ thanh xe phia truéc, thanh
xe phia sau dé mo. Nguoi nay phat mot chop sang vé phia xe tir phia sau va do
khoang thoi gian chdp sang di tir thanh phia sau dén guong rdi phan xa trd lai dén
thanh phia sau. Mot hanh khach trén toa xe ciing do khoang thoi gian di vé mot
vong nhu vay cia chdp sang. Hay so sanh khoang thoi gian do duoc boi hai nguoi.

A. Nguoi quan sat do duoc khoang thoi gian dai hon.

B. Hai nguoi do dugc khoang thoi gian bang nhau.

C. Nguoi quan sat do duoc khoang thoi gian ngan hon.

D. Khong xac dinh duogc vi tuy theo h¢ quy chiéu cia ngudi quan sat.
Dap an: A
Khoang thoi gian do trong hé quy chiéu riéng ciia toa xe ngdn hon khoang thoi
gian do trong moi hé quy chiéu quan tinh khac voi hé quy chiéu riéng do (hién
twong dan thoi gian). Vi vdy, nguoi quan sat do dwoc khoang thoi gian dai hon
hanh khach dung yén trén toa xe.

Cau 17

Téc do 16n nhét cta electron quang dién phat ra tir bé mit c6 cong thoat 5,00 eV
khi dugc chiéu bdi buc xa cuc tim c6 budc song 200 nm 1a bao nhiéu? Cho biét
khéi lwong electron me= 9,11 - 10° kg, h=6,63 - 10°* Js, 1 eV =1,60 - 10" J.

A. 912km/s B. 756 km/s C. 653 km/s D. 450 km/s



Pap an: C

Nang luwong cua photon wng voi burc xa co budc song A la E=hc/A . Ky hiéu A la
cong thoat cua vat lieu da cho thi t6c dé 1om nhat cia electron quang dién la
v=,/2m,(E - A). Thay gid tri s6 ciia cdc dai lirong, ta nhdn dwoce v ~ 653 km/s.

Cau 18

Cho mach dién gém dudng tron ban kinh R va duong kinh AB nhu trén hinh v&. Day
dan déng nhat c6 dién trd trén mot don vi do dai 1a p. Cuong do dong dién qua
mach dién 1a L. Biéu thtrc nao dudi day mo ta su phu thude cia cuong do dong dién
qua doan day dan AB vao goc 0

A 0 B ~79,
T+2

c. 7Y, p. 729,
7 +4 7 +4

Papan: D

D@ dang thay, néu 0 = %, khong c6 dong dién di qua day dan AB. Chi c6 dap an D

thoa man yéu cau do.

Cau 19

Trén hinh v& 1 so d6 mo ta 4 cap kinh phan cyc, trong d6 hudéng phén cyc cua kinh
duogc biéu dién boi dudng dut nét. Cac kinh phan cuc trong mdi cap dugc sip cai
no sau cai kia va ngudi ta chiéu anh sang khong phén cyc qua tung cdp kinh.
Cudng d6 anh sang t6i nhu nhau d6i voi tat ca cac cap kinh phan cyc. Hay sap xép
céc cap kinh theo thir ty cwong d6 anh sang truyén qua giam dén.

[~ \60° [\ NS [ s

1 2 3 4
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A 4,2, 1,3
B. 3,1,2,4
C. 3,1,4,2
D. 4,2,3,1
Pap an: C

Ky hiéu ©; la goc gitta huong phan cuc cua hai kinh thuoc cap kinh thir i. Theo dinh
ludt Malus, cuong dé anh sang truyén qua cdp kinh phdn cwc thit i ty 1é véi cos®0);.
Ta ¢6 (81, 05, 03, 0,) = (60°, 90°, 30°, 75°). Do dé, ty s6 giita cueong do dnh sing
truyén qua cdc cdp kinh la

L:L: 1 L = cos’(60%) : cos*(90%) : cos*(30°) : cos?(75°)
l:O:E:ﬂ — Ddp an C
4 4 1000

Cau 20
Mot electron (khéi lugng m. = 9,11-10>" kg) c6 dong lugng p = 3,64-107 kg-m/s.
Toc do cua electron nay 1a

A. 0,80c B. 0,65c C. 046¢ D. 0,24c

Pap an: A

Dong lwong cua electron p = MeC 5 L Vvoi ,Bzz. Suyra = ! 5 P
1- ¢ c
ﬂ 26
c
Thay gia tri s6 nhéan dwocv = 0,80 c .
CAU DU BI
Cau 1DB

Mot cuc gd nho co khéi luong m; dugc tha cho truot khong ma séat va khong céd van
tdc ban dau tir dinh mot cai ném cong khdi lwong m, (xem hinh v&). Ném nam trén
mit ngang khong ma sat. Khi cuc gb roi khoi ném thi van téc cia nd 1a v; = 4 m/s
huéng sang phai. Néu khdi luong cuia cuc gb ting gap doi, tirc 1a 2m, , thi téc do
cua no6 khi ro1 khéi ném

A. Loén hon 4 m/s.

B. Bang 4 mys.

C. Nho hon 4 my/s.

D. Khong xac dinh dugc vi thiéu thong tin.

11



Vi

[}

bap an: C ‘
Theo dinh ludt bao toan nang lwong va bao toan dong luong theo phuong nam
ngang, ta co

1
mgh = E(mlvf + mzvg) hay 2gh = vlz +&v§ ,

my
m
myVy = mv, hay Vy =—W
m;
Do do,

V2= 2ghm,
f=—0 2
my + m,

Néu m, tiang thi v; giam —  dap én C.

Céiu 2DB

Mot ngudn hat nhan phéng xa ¢6 chu ky ban ra 14 2 gi0, do phong xa 16n hon 64 lan
ngudng an toan cho phép. Hoi phai sau thoi gian t6i thiéu 12 bao nhiéu dé c6 thé
lam viéc an toan vo1 nguon phéng xa nay ?

A. 6gid B, 12gi6 C. 24gid D.  30gio

Pap an: B
Do phong xa cua nguon tai thoi diem t cho boi biéu thurc

In2
_ti

H{t)=Hpe T
trong dé Hy la dé phong xa ban dau, T la thoi gian ban rd. Do dé

H
=L o T In64=6T=12 gio .

In2 H In2

12



BO GIAO DUC VA BAO TAO OLYMPIC VAT LY SINH VIEN TOAN QUOC LAN THU XIX
HOI VAT LY VIET NAM DAI HOC DUY TAN - 2016

PHAN BAI TAP

Caul

Mot thau kinh 15i 1am tir vat liéu c6 chiét suat n > 1, mot mat 13 mat phéng, mat kia
duogc tao bang cach quay dudng parabol y=kx’ quanh truc cta né (xem hinh v&).
Ky hiéu R 14 ban kinh ctua dudng vién mat thau kinh phing. Gia st d6 day cua thau
kinh rit nho so v&i ban kinh R, tirc 1a kR* << R. Hay tinh ti€u cu cua thau kinh.

Bai giai

y

Theo gia thiét cua dé bai, ta c6
kR <<1 . (1)

Chon hé truc toa do sao cho truc x tiép xUc vo1 mat cong cua thau kinh tai dinh thau
kinh, truc y di qua dinh. Xét tia sang di t&i thdu kinh trong mit phing xy, song song
truc y va cach truc y khoang x, < R. Diém t&i M cua tia nay tai mat cong co toa do
la (xq, kxoz). Tiép tuyén vOi mat cong tai M c6 hé ) gbc

tanf =y (M) =2kxy,<<1 . (2)
Ky hiéu goc giira tia toi va phap tuyén cta mit cong tai diém M 13 o, goc khiic xa
la B. Tacod

a=460 , sin f=nsina .

Goc 1ap boi tia khte xa va tryc x 1a
T
n=0+ (5 - ﬂj : 3)

H¢ s6 goc cua tia khuce xa la



V4 1+ tan ftand
tanp=tan| @ +—— fF |=cot|f—0)= . 4
7 ( 2 ﬂj ('B ) tan f —tand ¥
Phuong trinh cua tia khic xa la
—kx 1+tanBtand
Y 0 _ ﬂ (5)

x—Xx, tanf —tan0

Giao diém cua tia khic xa véi truc y ¢6 toa do (0, L). Thay vao phuong trinh trén,
ta duoc

L—kx02 _1+tan fBtan@

(6)
- X tan 5 — tan &
hay
L:kxg B 01+tanﬂtan6’:x0 ltan9_1+tanﬂtan9 ‘ 7
tan f —tand 2 tan f —tan &
Tur dinh luat khic xa rat ra
tan [ = ntan g ~ntanf . (8)
\/1+(1—n2)tan29
O day ta da bo qua sd hang nho chira tan® 6. Do d6
2
L=x, Liang 1Fntan’ 0 % 1 : €))
2 (n—1)tané@ (n—1)tané@ 2k(n—1)

Vi L khong phu thudc vio x, nén chum tia sing song song véi truc ctia thau kinh,
sau khi di qua thau kinh, s€ hdi tu tai mdt diém. Vay ti€u cy cua thau kinh la

1
f—m . (10)

Cau 2

Mot laser dit tai diém A phat ra anh sang budc song 500 nm theo hudng lap mat
goc a = 45° so voi truc y trong mat phang xy. Tia sang dap vao guong phang M
chuyén dong v&i véan tdc v = ¢/5 theo chiéu truc x va bi phan xa dén nguoi quan sat
B dung yén trén truc y. Guong M Iudn luén vudng goéc véi truc x. Hoi

a. Goc 0 bang bao nhiéu (xem hinh v&)?
b. Nguoi B quan sat dugc anh sang c6 budc song bao nhiéu?

y A
B
M
0 ¢

————————— — vV

45°

~
A >



Goi y: Theo thuyét twong d6i hep, khi chuyén tir hé quy chiéu quan tinh ndy sang

» ) E )., .z . .z , .

hé quy chiéu quan tinh khac, cac dai luong (—, pj bién doi giong nhu cac dai
c

luong (ct,7), tac la
= 7(x—,8ct) , V=y , Z'=z ct'=7/(ct —ﬂx) ,
trong d6 f =Y , y=1/41- ,82 .0 day, cac truc toa do twong ung cua hai hé
c

quy chiéu thi song song voi nhau va hé quy chiéu S’ chuyén dong doc theo truc x
cuia hé S véi1 toc do v.

Bai giai
Cach 1
Ky hiéu S 13 hé quy chiéu phong thi nghiém (dtng yén), S’ 13 hé quy chiéu riéng
cua guong (tirc 1a guong dung yén trong hé S”). S’ ¢6 cac truc toa do song song voi
cac truc tuong tng cua hé S va chuyén dong véi van tc v so v6i S. Xem anh sang
gbdm cac photon ¢ dong lugng (trong hé S)

E h 1 h
=—=—, =p, =pcos(45°)=—— . 1
P=1_77 Px =Py =pcos(45”) e (D
Trong hé S°, dong lugng cua photon to1 la
v Ev . . 1 -1 _ 2 Vv
px_’Y(px_c_zj > py_py_pﬁa Y = I_B > B_E >
P 2 2
= J1+y2(1-+2 : 2
AR RUED @
Nhu vy, trong hé S’, hudng truyén cta anh sang 1ap goc o’ so vai truc y’=y:
tan a'zp%‘zy(l—x/?B) : (3)
y
Dong lugng trong S’ cua photon phan xa la (-p'y,p'y ).
Déi v6i ngudi quan sat B, photon phan xa c6 dong lwong
p"X — ’Y(- p'x +pT) , pny — pvy . (4)

Do do,

P x
"

-3 pie -3 | ®)

a. Thay gia tri ciia y va 3, ta nhan dugc
tan 0 = 0,4945 - 0=26,3°
b. Xét trong hé S, dong luong ctia photon phan xa Ia

tan 0 =

{ g boenid

py y




p"y p
"= = : 6
, cos® /2 cos ©
Vay B quan sat thay anh sang c6 budc song

k':gzﬁcosehzkﬁcow:&%nm . (7)

p" p
Cach 2

Theo hiéu tng Doppler, néu ngudn sang chuyén dong doc theo truc x ctia hé quy

chiéu phong thi nghiem v6i van téc v, phuong truyén cta nh sang lap goc n VO’i

truc x, f 1 tan sd 4nh sang, thi goc n’ giira phuong truyén voi truc x” va tan sb f

cuia anh sang xét trong hé toa do riéng cua ngudn sang duogc cho boi cac biéu thic
cosn—v/c

cosn':— , f' :fy(l—v/ccosn)
1—-v/ccosn

Goi S 1a hé quy chiéu phong thi nghiém, S’ 1a hé quy chiéu riéng cia guong. Ky
hiéu o, 1a goc gitra hu’ong truyén cta 4nh sang va truc x trong S thi goc o giita
huéng truyén va truc x” trong hé S’ duoc cho boi

' CcoSOq — sin o —
cos 0y = 1 B: p

1-Bcosa; 1-Psina

Tan s6 anh sadng x¢&t trong h¢ S’ 1a
f'=yf(1-PBeosa;)=yf(1-Psina) .

Trong hé S°, gbc t61 & guong la go' = ai; goc phan xa bang goc toi go'.

Déi v6i B, goc phan xa 1a ¢

COS(p'—B B cosal'—B

cCos @ = , ,
1-Bcosep 1—Pcos

Tac606=90-¢.
Tan s6 nguoi B ghi nhan dugc 1a £ '

f = yf'(l —Bcos gp') = yf'(l —Bcos al') :
Thay gia tri s6, ta nhan dugc 0 =26,3° , A”=634nm .

Cau 3
Xét khoi khi 1y tuéng gém N hat khéi lugng m chira trong hinh hop 1ap phuong thé
tich V (V=L?). Khdi khi ndm trong truong thé c6 cuong o G =-by va & trang théi

can béng voinhiét do T (b 1a h.'?lng $0, ;z l1a véc to don vi hudng theo truc toa do y).



Gia su trong truong G, hat c6 thé ning V(y)=mby, trong d6 y 1a toa do cua hat
(-L/2 <y <L/2). Hay

a. tinh nang lugng cua h¢.

b. tinh nhiét dung ctia h¢.

c. tinh ap sut trong khoi khi.
Goi y: Khi Iy tuong & trang thai cin bang véi nhiét d6 T tuan theo phan bd
Maxwell-Boltzmann

E

£(E) =%e_"BT ,

trong do E 1a nang lugng cua hat.

Bai giai
a. Nang luong caa hé: E =T + U, trong d6 T 1a dong ning téng cong, U 1a thé
nang tong cong cta hé hat. Ta co
T=N (372)kgT . (1)
Ky hiéu N(y’)dy’ 1a s6 hat c6 toa d6 y nam trong khoang (y’, y’+dy’). Haim N(y) la
ham phan b Boltzmann

_mby
N(y)=Ae ‘BT, )
trong d6 A 1a héng s6 chuén hoa duoc xac dinh tir diéu kién
L2 Ly Wby
[N(y)dy=A [dye BT =N . (3)
-L/2 -L/2
Suy ra
A= iml; 1 . (4)
B" sinh mbL
2kgT
Thé ning tong cong cia hé 1a
L2
U= | mbyN(y)dy= NkBT{l _ mbL coth( mbL j} . (5)
L2 2kgT 2kgT
Nang luong cia hé 1a
E =2 NkyT - VMO ipf MO | (6)
2 2 2kgT

b. Nhiét dung ctua hé



oE 5 N(mbL)? 1

C:a—TZENkB - b
4kpT* of mbL
2k T
5 bL Y 1
::NkB-E—[;E Tj . 7)
B sinh? LbL
2%k T

c. Tir phuong trinh trang thai suy ra ap suét tai vi tri c6 toa do y 1a
P(y)=n(y)kgT

_ mby
b1 et ®)
2L . mbL
sinh
2k T
trong d6 n(y) 1a mat d6 hat tai diém c6 toa do y.

Cach khac:

Xet lop khi co toa do y trong khoang (y,y+dy). Néu biéu dién sb hat trong 16p khi
ndy c6 thanh phan van toc theo truc x ndm trong khoang (vy, vytdvy) 1A
N(vy,y)dv,L*dy thi

_d mv2 +mby)/(kgT)

N(v,,y)dv, [*dy=Ce 2 dv, L*dy
v6i C 13 hing sb chudn hoa,
_ 1 Nmb m v 1
sin
2kB

Cac hat trong 16p khi nay va cham vdi thanh hop vubng goc voi truc x. Bién thién
thanh phan dong lugng hudng theo truc x cta khoi khi nay, xét trong thoi gian dt,
la

dP, = Tdvx (2mv, ) N(vy,y) (Ldy) (vdt)
0

3/2
—dKLdyX§£:(2kBTj
4 m
Do d6 ap suét tac dung 1én thanh hop 1a
mb
_LdP Nmb 1 i
Ldy dt 212 . ( mbL j '
sinh
T



Chu y: Dinh nghia ctia ham hipebolic

) 1 _ 1 _
s1nhx=5(ex —e x) , coshng(ex +e x) ,
tanh x = sinhx e* —e™” h _coshx e"+e™
an x—COth— — ) cothx = T
e +e smhx e —e

Ciau4 Biy quang hoc

Ngudi ta dung cac chum laser giao thoa v6i nhau tao thanh bay quang hoc dé bat va
giam gitr cac nguyéen tur si€u lanh (nguyén tir co nang lugng chuyén dong nhiét rat
thap). O gan tam bay, cdc chum laser tao ra dién truong c6 dang

2
E(x)=Eo|1->5 e, .
X0
trong do é,1a véc to don vi hudng theo truc z, x 1a khoang cach dén tam bay theo
phuong truc x. Gia tri dac trung cua Ey va xg la Eo=5000 V/m, xo =5 um.

Mot nguyén tir rubidi § 37 Rb chuyén dong doc theo tryc x voi toc d6 v = 0,1 mmy/s,

dén vi tri x = 0 thi bay quang hoc dugc bat dé hoat dong. Xét mo hinh nguyén tur
rqbidi gom hat r}hén la dién tich diém bao boc boi dam may dién tich am phan bd
déu trong qua cau ban kinh R (ban kinh nguyén tir rubidi). Tam qua cau dién tich
am trung voi hat nhan nén moé men ludng cuc dién cua nguyen tir bang 0. Gia thiét
rang khi nguyén tr nam trong di€n truong, ddm may di¢n tich am khong bi bién
dang nhung hat nhan va tam dadm may dién tich am bi dich chuyén, dan dén nguyén
tir ¢c6 m6 men ludng cuc dién khac 0.

a. Hay tinh hé s6 phan cuc o cua nguyén tir (o = md men ludng cuc dién / cudng
do dién truong).

Hing sd dién moi cua khi nguyén tir rubidi c6 mat do nguyén tir N=1,01x10"" cm™
la £=1,00004. Hay danh gi4 ban kinh R cua nguyén tur rubidi.

b. Cho biét R=25 A. V6i cac gia tri dic trung ctia biy quang hoc, hdy mo ta dinh
lugng chuyén dong cua nguyén tir rubidi noi trén sau khi bay bat dau hoat dong
(x4c dinh céc thong so cuia chuyén dong va nhiing gia thiét da st dung).

c. Xé~c dinh téc d6 cuc dai v,,,, cla nguyén tir rubidi dé nod con co thé bi bit vao bay
khi bay hoat dong.

Cho biét héng s6 dién moi ctia chan khong &) = 8,85.10"2 Cz/(Nmz), khoi luong cua
mot nucleon m, = 1,67.10°% kg.



Mot so khai niém: Véc to phan cuc P cua khoi khi 1a tong mé men ludng cuc di¢n
cua cac nguyén tu trong mdt don vi thé tich. Véc to phan cuc lién hé véi dién
trudng ngoai boi bi€u thic

trong do6 y goi la do cam dién, & la hang s6 dién moi ctia chan khong. Hang so dién
moi ¢ cia khoéi khi duge cho boi biéu thuc &= 1+ .

Bai giai
a. Ky hi¢u z, va z, lan luot 1a do dich cua hat nhan va tim qua cau dién tich Am khi
dat trong dién trudng cta cac chum laser. Ky hi¢u ¢ la dién tich cua hat nhan. Cong
cua dién truong thuc hién khi lam dich chuyén hat nhan va qua cau dién tich am la

Ay = E(x)z, + qE(0)zy =gE()d (1)

trong d6 d 1a khoang céach gitra hat nhan va tdm qua cau dién tich am, x 14 vi tri cta
nguyén tir trén truc x. Dé nguyén tur khong bi pha v3, d < R . Theo dinh luat bao
toan nang luong, cong 4, bang nang lugng tinh dién 4, ctia nguyén tu khi vi tri ciia
hat nhan Iéch khoi tam qua cau dién tich am. D& dang tinh duoc thé tinh dién U(r)
gay bai dién tich 4m tai diém cach tdm qua ciu mot khoang r < R

1 q >
U(r)= —r° . 2
= o @)
Do do,
1 6]2 2
Ay =—-"-d° . 3
2 872'80 R3 ( )
Suy ra
3
i =270 gy | (4)

do d6 m6 men ludng cuc dién ciia nguyén tir 1a

p =816, ROE(x) . (5)
Hé s6 phan cuc clia nguyén tir 13
o =87s,R> . (6)
Néu N 1a mat d6 nguyén tt cta khdi khi thi véc to phan cuc ciia khoi khi 13
P=Np=8mgNR*E=¢yyE . (7)

Theo dinh nghia, hang s6 dién moi ¢ ctia khi nguyén tir lién hé v6i d6 cam dién y
theo cong thurc

e=1+y . 8)
Tu (7) va (8) rat ra



1/3
&= 1+87NR’ hay R= (‘;—_]\;) . 9)
7

Thay gia tri s6 vao (9), ta nhan duoc R=2,52 x10™® cm.
b. Thé ning cua nguyén tir tai diém x trong dién truong ciia cac chum laser 1a

2

- 2 4
V(x)=—p.E(x)=—876yR*E* (x) = —87£,R°E] {1 2t x—4] . (10)
Xy X

Db thi cua V(x)

V(%)

Tai thoi diém bay bat dau hoat dong, =0, nguyén t& ¢ vi tri x=0, nang lugng téng
cong cua nguyén tu la

W =%mv2 — 876 R°E] = %mvz +Vo (11)

7Z'80R3

Vi v<4E, ~1,02 cm/s nén W < 0. Toa dd x 16n nhit cua nguyén tr 1 x,,,,,

m
thoa man phuong trinh

W—-Vix) =0 . (12)
V1 Xpax < Xo N€N
mv?
X =xq./1— |1+ } 13
max 0 2Vmin ( )

Thay cac s6 liéu da cho trong dau bai, ta nhan dugc X = 0,065 X, , tic 1a
Xmax << Xo . (14)

Véi gia thiét (11) va bat dang thirc (14), ta c6 biéu thirc gan ding cho thé ning V(x)
cua nguyén tir rubidi da cho



2
V(x)~—8me,ROEL (1 - 2"—2] . (15)
X0

Nhu vay, nguyén tur chiu tac dung cua luc

32
F(x):_dV(x):_kx véi kzm _ (16)
2
dx X0

Dudi tac dung cua luc F(x), nguyén tir thuc hién dao dong diéu hoa xung quanmh
vi tri can bang x = 0 v&i tan so

3
=30 8ok 45 ¢ (17)
Xo | 7m
va bién do
\% m

~

~

X X =0,035 um . 18
max 04REO 272'80R H ( )

c. Theo d thi ctia V(x), dé nguyén tir bi bat va giam giir trong by, van toc ban dau
cua nguyén tir phai thoa man di€u ki¢n

72'6‘0R3
v<y

V6i v, =4E, = 1,02 cm/s . (19)

max
m

10



BOQ GIAO DUC PAO TAO HOQI VAT Li VIET NAM
Olympic Vit Iy sinh vién Toan qudc lan thir XIX
Pé thi THU'C NGHIEM
(Thoi gian lam bai 180 phiit)

XAC PINH BE RONG VUNG CAM CUA CHAT BAN DAN VA
MUC NANG LUQNG FERMI CUA KIM LOAI
I. Co s6 ly thuyét

1. Xdc dinh bé réng viing cim AE, ciia chit ban din.

Chat ban dan 14 nhitng chat c6 dic diém trung gian gitra chat dan dién va chat cach dién. Véi
chat ban dan, khi & nhiét 6 T= 0 K giira ving hoa tri (cdc mirc ning luong déu c6 dién tir dién
day) va ving dan (cac mirc nang lugng chua cé dién tir) c6 ving cdm vé6i khoang cach AE  nén
khi & T # 0 K, mot sé dién tir nhan nang luong nhiét s¢ chuyén tir vang hoéa tri 1én ving dan va
dong thoi hinh thanh cac 18 trdng trong ving hoéa tri. Khi ¢6 dién truong, cac dién tir trong ving
dan va 13 tréng trong ving hoa tri s& tham gia vao qua trinh dan dién.

Mot cach gan ding c6 thé coi dién tré R ciia mau ban dan phu thudc vao nhi¢t d T ctia mau
3 AEg

dang: R =C.T 2.¢**" v6i C 1a hing s6 phy thudc vao mau ban dan; AE ,la bé rong ving cam,

k,=138.10"J/K 1la hﬁng s6 Boltzmann, T 14 nhiét do tuyét doi.

Nhu vay bang viéc khao sat sy thay doi dién trd cia mau ban dan theo nhiét do ta co thé xac
dinh dugc bé rong viing cam cua chat ban dan 1am mau.

2. Xac dinh gia tri mirc nang lwong Fermi Er cua kim logi

Theo Iy thuyét ving ning lugng, chat dan dién (kim loai) c6 ving dan dugc dién day mot
phan boi cac dién tir. Mirc nang lwong Fermi Ey trong kim loai dugc biét dén 1a muc ning lugng
16n nhat ma céac dién tir co thé c6 mit ¢ nhiét d6 OK. Phia dudi muc nang luong Fermi, cac muc
nang luong déu duoc dién dﬁy boi cac dién tr. Viéc xac dinh dugc gid tri mirc nang lugng Fermi
cho chung ta nhiéu thong tin lién quan dén tinh dan nhiét va dan dién cua vat liéu.

Trong kim loai, mi nguyén tir c6 thé c6 nhiéu dién tir nhung chi ¢ cac dién tir héa tri 1a c6
thé chuyén dong tu do trong vat hinh thanh ddm may dién tir con cac dién tir khac bi dinh x1r tai
cac vi tri nguyén tr. Khi ¢6 dién truong trong kim loai, dudi tac dung cua dién truong cac di¢n tir
hoéa tri chiu tic dung cua lyc dién truong va tham gia vao qua trinh dan dién.

Trong thi nghiém nay chung ta xdc dinh mic ning lwong Fermi ctia kim loai dong (Cu). Gia
thiét mdi nguyén tir Cu déng gbp mot dién tir tham gia vao qua trinh dan dién va coi toc do
chuyén dong trung binh cia cac dién tor ¢ nhi¢t do tuyét ddi T ¢& tde dd Fermi Vi dugc tinh theo
EF
m

cong thic V, = véim =9,1. 10°" Kg 1a khéi lwong dién tir. Quing dudng chuyén dong



tu do trung binh A cta dién tir trong qua trinh dan dién ¢ nhiét d6 T phu thudc vao nhiét do dang
2

i v 13 e Y . n , . [ ne , - \ e . .

=——————— Vi a 1a hang s0. D9 dan dién cua kim loai la 6=——1 v6i 7 1a thoi gian di
a+135.10°T m

chuyén giira hai 1an va cham cia dién tr véi nlit mang (thoi gian song), n 1a mat do dién tir trong
mot don vi thé tich, e =1,6.10™"" C 1a @6 16n dién tich dién .

I1. Dung cu thi nghiém

- Hop nguén dién mot chiéu bién ddi

- 02 déng ho do dién van nang; 01 nhi¢t ké dién tur

- 04 day ndi va 01 bo day dé ndi linh kién.

- 01 linh kién dang cudn day Cu; 01 linh kién ban dan (linh kién bé)
- 01 vién bi sét, thi bong, cdc; chun nit, nude nong.

II1. Yéu cau thi nghi¢m

1. Xac dinh bé rong ving cam AE, cua chat ban dan.

Dién trd cua chat ban dan s& tang khi nhiét do mau giam. Dé do dién trd ciia mau ban dan
hay sir dung dong ho van nang & ché do 6m ké. Yéu cau:

- Tién hanh do su thay ddi dién tré R cia mau ban dan theo nhiét do, ghi bang s6 liéu.

- Xay dung cong thiic can thiét va chi ra cach x4c dinh AE,.

- Lap bang s6 liéu tinh toan dé xir 1y s6 liéu bang do thi, vé d6 thi lién quan trén gidy vé.

- Xéc dinh gié trj AE, theo don vi eV (khéng yéu cau tinh sai s6 ciia gid tri AEy).
2. Xac dinh mirc nang luong Fermi Er ctua kim loai.

Day dong (Cu) dung trong thi nghiém c6 chiéu dai day 1a L = 5,2 m va dudng kinh s¢i day
d = 0,28 mm dugc cudn quanh 15i lam bﬁng vat liéu truyén nhiét t6t thanh dang linh kién. Cho
biét Cu c6 khdi luong riéng 1a p = 8930 kg/m® va khéi lwong mol ciia Cu 1 p = 63,54 g/mol, mbi
mol c¢6 N = 6,02.10% nguyén tir (s6 Avogadro). Hay:

- V& so d0 bb tri thi nghiém dé do chinh xac nhét sy thay d6i dién tr& cia diy Cu theo
nhiét do.

- Tién hanh do dac dé xac dinh su thay doi dién tro diy Cu theo nhiét do va viét bang s6
liéu.

- Xay dung cong thirc can thiét va chi ra cach xéac dinh Eg;

- Xu 1y s6 liéu bang phuong phap do thi va xac dinh gia tri Er (khdng yéu cau tinh sai s6
cua gia tri Eg).

IV. Luwuy trong qua trinh lam thi nghiém

- Nén cho mau can do, dau do nhiét do va vién bi vao tii bong, buoc va tha tui bong vao coc
nwoc nong han ché cho nude lot vao tii. Pé tiét kiém thoi gian do o vung nhiét do thdp nhiét do
gidm cham, hay do dién tré R ciia mdu khi nhiét dé giam tiv khoang 70°C xudng khodng 45°C.

- Nguc”;n mét chiéu bién doi cé dong cuc dai la khoang 200 mA nén thdn trong khi sw dung
phirong dn dimg dén nguon va sé khong c6 dung cu thay thé.



HUONG DAN CHAM THI NGHIEM

1. Xac dinh bé rong vung cam cua chat ban dan.
- Bang s0 li¢u

t°C 70 68 66 64 62 60 58 56 54 52 50 48 46 44

R

(KOQ) 1.67 | 1.80 | 1.95 | 2.11 | 229 | 248 | 270 | 291 | 3.15 | 342 | 3.71 | 403 | 438 | 4.78

- Xay dung cong thirc can thiét va chi ra cach xac dinh AE,
3 AR, 3 AE, 3 AE
Tr R=CT 2e™" tacé RT?=Ce™" =In(RT2)=InC+

B

1

g_

3 AE
Dat X:%;Yzln(R.Tz);AzlnC;B: 2kgta c6 Y =A+BX

B

Dung dd thi Y theo X ta c6 d6 thi dang tuyén tinh, xac dinh d§ nghiéng ta tim dugc B va
xac dinh duoc AE, =2k,B

- Bang xir Iy s6 liéu dé vé do thi

t R T X=1T Y= 17.20

C) | KQ) | (K) (1/K) | In(R.TY?) y = 3895.6x+4.8252

RZ=0.9998

17.00

70 | 1.67 | 343 [0.002915| 16.18
68 | 1.80 | 341 |0.002933| 16.24
66 | 1.95 | 339 | 0.00295 1631
64 | 2.11 | 337 [0002967 | 1638
62 | 229 | 335 [0.002985| 1646
60 | 248 | 333 [0.003003| 1653
58 [ 270 | 331 [0.003021 16.60 16.20
56 | 291 | 329 [0.003040 | 16.67

54 315 327 0003058 1674 16'02.0029 0.00295 0.003 0.00305 0.0031 0.06315 0.0032
52 | 342 | 325 [0.003077] 16.81 uT

16.80

16.60

In(R.T3/2)

16.40

50 | 3.71 323 | 0.003096 16.89
48 | 4.03 321 | 0.003115 16.96
46 | 4.38 319 |0.003135 17.03
44 | 4.8 317 | 0.003155 17.11

- V& d6 thi dé xur 1y s6 liéu xéac dinh d6 nghiéng B = 3895.6
- Xir 1y s6 liéu dé nhan duoc gia tri AE,
AE, =2k ,B= 2.1,38.107.3895,6 =1,08.10"°(J) = 0,67 eV
2. Xac dinh mtrc nang luong Fermi cua kim loai.
- V& so do bo tri thi nghiém




- Tién hanh do dac dé xac dinh sy thay d6i R theo nhiét o

T U | Y=R T U | Y=R
(°C) (mV) | (mA) () (°C) (mV) (mA) ()
80 1139 | 498 | 2.287 62 106.5 | 498 | 2.139
78 1125 | 498 | 2.259 60 1058 | 498 | 2.124
76 111.8 | 49.8 | 2.245 58 105.0 | 498 | 2.108
75 1113 | 498 | 2.235 56 1043 | 498 | 2.094
74 110.8 | 49.8 | 2.225 55 1039 | 498 | 2.086
72 110.1 | 49.8 | 2.211 54 103.6 | 498 | 2.080
70 1094 | 498 | 2.197 52 102.8 | 498 | 2.064
68 108.8 | 49.8 | 2.185 50 102.1 | 498 | 2.050
66 108.0 | 49.8 | 2.169 48 1014 | 498 | 2.036
65 107.6 | 49.8 | 2.161 46 1009 | 498 | 2.026
64 107.2 | 498 | 2.153 45 100.6 | 49.8 | 2.020
- Xay dung cong thiic can thiét va chi ra cach xac dinh Ep
La,/2mE, s Ly2mE,
R=—->—-+1,3510.————-T
ne“mr ne“mr
T u I X=T | Y=R T u I X=T Y=R
(°Q) | (mV) | (mA) | (K) (€2) (*0) (mv) | (mA) (K) (€2)
80 1139 | 498 | 353 | 2.287 62 106.5 | 49.8 335 2.139
78 1125 | 498 | 351 | 2.259 60 1058 | 49.8 333 2.124
76 111.8 | 498 | 349 | 2.245 58 105.0 | 49.8 331 2.108
75 1113 | 498 | 348 | 2.235 56 1043 | 49.8 329 2.094
74 110.8 | 498 | 347 | 2.225 55 1039 | 49.8 328 2.086
72 110.1 | 498 | 345 | 2.211 54 103.6 | 49.8 327 2.080
70 1094 | 498 | 343 | 2.197 52 102.8 | 49.8 325 2.064
68 108.8 | 49.8 | 341 | 2.185 50 102.1 | 49.8 323 2.050
66 108.0 | 49.8 | 339 | 2.169 48 1014 | 49.8 321 2.036
65 107.6 | 498 | 338 | 2.161 46 1009 | 49.8 319 2.026
64 1072 | 498 | 337 | 2.153 45 100.6 | 49.8 318 2.020
23
295 y=0.0073x-0:3121
R?=0.9992
2.2
gZ.IS

21

2.05

310

320

330 340
T(K)

350

360




* Xac dinh gié tri Ep
- Xac dinh dugc do nghiéng bang phuong phap binh phwong t6i thiéu

La,/2mE L./2mE 22 | 2
SN 4135000 N E T o g, = 2T 0’00735 ~L1.10°(J)Vay ta cb
ne-mr ne-mr Lv2m | | 1,35.10

F

muc Fermi cia Cula E; =6,7 eV



OLYMPIC VAT LY SINH VIEN TOAN QUOC LAN THU XX
PAI HOC TAN TRAO - 2017

CAU HOI TRAC NGHIEM

Caul

Mot thanh nam cham dugc dat ¢ gitra hai vanh dan dién nhu trén hinh v&. Hai vanh dugc gén
vao mot thanh ray va cach dién voi thanh ray. Cac vanh c6 thé chuyén dong khong ma sat trén
ray.(Mat phang cic vanh song song v&i nhau, vudéng goc v6i nam cham va thanh ray). Néu
dich chuyén nam cham vé bén phai thi cic vanh sé& thé nao?

A.  Cahai dimg yén .
B.  Ca hai chuyén dong v¢ bén trai
C.  Cahai chuyén dong v€ bén phai ‘
D. Vanh 1 ding yén, vanh 2 chuyén dong vé bén phai
1 2
Pap an: C

Khi di chuyén nam cham vé bén phdi, tir théng qua vanh 2 tang, tir théng qua vanh 1 gidam.
Theo dinh luat Lenz, trong cac vanh xuat hién dong cam vung co tac dung chong lai sy thay
doi do. Vi vay, ca hai vanh déu chuyén dong vé bén phai.

Cau 2
Anh sang don sac di qua khe don c6 d6 rong 0,01 cm tao ra trén man hinh cach xa 1 m cuc
tiéu bac mot cach cuc dai trung tam mdt khoang 0,59 cm. Hay xé4c dinh budc soéng cua anh

sang.
A. 1,18 x 10" cm B. 590x10*cm
C. 1,18x10° cm D. 590x10° cm
bapan: D i i
Trong nhiéu xa qua khe don, cuc tiéu bac m dwoc xac dinh boi biéu thirc
sin@zmi , m==%1,£2, ...
a

’ N ga A o , X .. \ , , \ .2 £ .
trong do a la do rong khe. Mat khac, tan@ = g voi x la khoang cach tir cuc tiéu den cuc dai

trung tam, d la khodng cdch tir khe dén man hinh. Vi d >> x nén cé thé ldy gan ding
. A
tan@ ~sin @ = > , hay iz|m|— ,trdorutra A= @
d d a |m|d

Thay gia tri 6, ta nhdn dwoe A =5,90x 107> cm.

Cau3

Mot hat alpha duoc ting tc tir trang thai dimg yén dén trang thai c6 tdc do rat 16n. Bé gia toc
hat phai tié}l tén népg lugng E = 1,0754 x 10?7 J. Khéi lugng cua hat alpha 1a my = 6,6442 x
10%" kg. Tbc d6 cudi cua hat alpha 1a



A, 090c B. 093¢ C. 0,96 ¢ D. 098¢

Pipan: B
Béng nang T ciia hat bang nang lwong tiéu ton E. Mdt khdc, T = (m — mg)c’ . Do dé,

-2
2
o1 yler hay ﬂzsv—zzl—( T2+1}.

mgpcC
J1- 52 c moc

Thay s6, ta nhan dwoc v ~0,93c .

Cau 4

Mot con dori‘bay vé6i toe do on Qinh v =4 m/s phat ra &m thanh c6 tan s6 £= 90 x 1Q3 Hz. No6
bay ngang vé phia birc tuong thang ding. Con doi nhan dugc am thanh phan xa c6 tan so (toc
dd am trong khong khi 1a vo = 330 m/s)

A, 922x10°Hz B. 892 x10°Hz

C. 882x10°Hz D. 87,2x10°Hz
Papan: A i o
Vi con doi bay vé phia buc twong nén am thanh do no phat ra doi vao twong sé co tan so
fi= f

a l—v/vo

tin s6 f» =f1(1+V/V0)=f[

. Am thanh phdn xa ciing ¢6 tan sé f;. Con doi nhdn dwge ém thanh phan xa c6

1+v/vg

~922 x10° Hz.
1-v/v

Caus

Hai chiéc binh dugc nbi thong nhau qua mdt cai van. Ban dau van dong, mot binh chtra n; =
1,0 mol khi oxy & nhiét @ T, = 241 K, binh thir hai chira n, = 2,0 mol khi oxy ¢ nhi¢t do T, =
361 K, 4p suét khi trong hai binh bang nhau. Ngudi ta md van dé hai binh thong nhau. Sau khi
khi trong hai binh & trang thai can bang, hiy xac dinh do bién thién entropy ctia hé. Biét cac
binh ¢6 vo cach nhiét li tuong va xem khi trong céc binh 1a khi 1y tuong.

A, 15K B 1,9 J/K C. 22JK D. 25JK
Pap an: A

Qud trinh dién ra khi mé van dé hai binh théng nhau la qud trinh dang dp. Ky hiéu T la nhiét
do cua khi trong hai binh khi o trang thadi can bang. Ta co cac phuwong trinh

PVI Zl’llRTl , PV2 Zl’lzRTz . P(V1+V2)=(I’l1+l’l2)RT
Suyra  T="11EMD 55
nm+nyp
D¢ bién thién entropy cia khi trong cdc binh la
T T
AS;=mC,In— ASH =n,C,In—
1 1~p Tl 2 2%p T2

trong do C, la nhiét dung mol ddng dp ciia oxy. Vi nhiét do cia khi trong cdc binh khéng cao
nén co thé bo qua dong gop vao nhiét dung riéng cua cac bdc tw do wrng voi dao dong cua cac

nguyén tir trong phdn tr oxy. Do do C,, =(§+ljR. D¢ bién thién entropy cia hé la

ASZASl-i-ASz :CP I’llll’l£+l’l2h’1£ =1,5 J/K.
I )



Cau 6

Mot nguyén tir hydro chuyén dong véi toc do rat nho so véi toc do anh sang va va cham véi
mét nguyén tir hydro khac ding yén. Ca hai nguyén tur déu ¢ trang thai co ban. Toc do tbi
th1eu ctia nguyén tir chuyén dong l1a bao nhiéu de Va cham khong dan hoi co6 thé xay ra? Biét
rang nguyén tir hydro ¢6 khdi luong 14 1,67 x 107 kg va niang lwong ion héa 13,6 eV (1 eV =
1,6 x 1077 1.

A, 442 x10% m/s B. 5,10x10*m/s
C. 625x10*m/s D. 7,22 x10%m/s
Papan: C

Téc dg t6i thiéu ciia nguyén tir la toc d¢ ma khi xét trong hé quy chiéu khoi tam, sau va cham,
ca hai nguyén tir dirng yén nhung mot nguyén tu 6 trang thai kich thich thir nhat con nguyén
tir kia van & trang thdi co ban. Cac mire ndang lwong ciia nguyén tir hydro dwoc cho béi biéu

thirc E, = 13 6

. Ky hiéu v la toc dé ciia nguyén tir chuyén déng trong hé
n?

quy chiéu phong thi nghiém. Trong hé quy chiéu khoi tam, hai nguyén tir chuyén dong déi dau

nhau voi cung toc do v/2. Do do ta co

2
21m(3j __136 136\

Twr do suy ra vy, = 6,25 x 10* m/s .

Cau7
Véc to cuong do dién truong cua mdt song anh sang la

E= ) [;c sin(ot —kz) + ;/sin(wt —kz —%)} ,

trong do x va y lan luot 1a véc to don vi hudng theo truc x va y. Trang thai phan cyc cta
anh sang nay la

A. Phan cuc tron trai B. Phan cyc tron phai
C. Phan cuc elip phai D. Phan cuc elip trai
Pap an: A

Dé dang thay neu nhin nguoc chiéu truc z, diém dau cua vec to dién truong chay trén duong
tron nguoc chiéu kim dong ho. Do do anh sang nay co phan cyc tron trdi.

e
N

bl 4

Cau 8
Mot hat khéi lugng m chuyén dong mét chiéu trong thé



ax2 x<0
V(X) = )

bx? x>0
trong d6 a va b 1a cac hing s duong, a #b. Néu hat co nang luong E thi chu ky chuyén
dong cua hat 1a

CEEE

c. 2z |2 D 2Jm

. T—FF—
a+b Ja++/b

Pap an: A
Diém quay ciia hat la xy =—E/a va x, =\ E/b .

Chu ky chuyén déng ciia hat dwoc cho boi biéu thirc

9 dx 2 dx

=2
)}[\/2(E—ax2)/m ' 0 \/2(E—bx2)/m

0 dy

El s

=2m

Cau 9

Mot hé ¢6 N hat, N >> 1. Mdi hat chi ¢6 thé & mot trong hai trang théi nang lugng E, hoac
Eote v6i€>0. Néuhé & trang thai can bﬁng nhiét c6 nhiét do T thi sb hat trung binh c6 nang
luong E, 1a

N
PN al

-¢/kT
B. ——— . —— D. Ne™*?

@

Pap an: B
Trong trang thdi can bang ¢ nhiét dg T, xdc sudt hat nam ¢ trang thdi ¢é nang heong E la

W = Ae_E/kT, trong dé6 A la hé sé chudn héa dwoc xdc dinh tiv diéu kién Az e B/ —1

E
Trong truong hop da cho, ta co
Eo /kT
_ _ e
A(e EoIKT (E0+g)/kT):1 4= .
1+ ¢/
S6 hat trung binh c6 nang lwong Ey la
—Eq/ kT N
Ng. =NAe 0 =

4



Cau 10
Hay tinh dién trd giita hai ddu A va B ctia mach dang thang v6 han nhu trén hinh v&. Cho R =
30Q ,Ri=1,0Q ,R,=2,0Q .
A R R R

1 1 1
— | L1 L 1

I R R R

—1_ | [ 1| 1
R, R, R,

A 13Q B. 1,6Q C. 19Q D. 2,1Q
Pap an : C ]
Goi r la dién tro cua mach da cho. Co thé vé lai mach nay nhuw sau :

A
R
I:IR r
B Ry
Ta c6 o, r
4 R R1+R2 +r
Dé dang thu dwoc
r:%[—(Rl +Ry)+ (R + Ro)(Ry + Ry +4R)|= 1,90
Cau 11

Hinh v& bén mo ta quy dao elip cua mdt vé tinh chuyén dong quanh trai dat Q. Tai diém 1, vé
tinh & gan trai dat nhat, khoang cach 1a R. Biém 2 la diém cach xa trai dat nhat, khoang cach
tdi trai dat 1a 3R. Toc do cua v¢ tinh tai cac diém nay théa man

A vi=v B. v»,=3v; C. vi=3v, D. Khong da thong tin

Pap an: C

Tai diém 1 va 2, vin téc ciia vé tinh cé phwong vudng géc véi dwong noi vé tinh véi trdi dat.
Lay tradi dat lam goc toa do, moé men dong lwong cua vé tinh tai cdac diém nay lan luot la L, =
mviR ; Ly = mvy 3R. M6 men dong luong cua vé tinh la dai lwong bao toan : Ly = L, . Do do
V1 = 3V2 .



Cau 12

Hién nay, chu ky quay quanh qua dat ctia mat trang 1a T. Néu mat trang co khéi luong 16n gip
2 lan khoi lugng bay gio ma ban kinh quy dao quanh trai dat van nhu cti thi chu ky quay
quanh qua dat la

A. T B. T/4 C. T2 D. 2T

Pap an : A

Theo dinh ludt Kepler 3, T /R’ = const. , trong d6 T la chu ky quay, R la mét nira truc chinh
cua quy dao elip (hay ban kinh cua quy dao tron). Néu khoi lwong mat trang thay doi nhung
ban kinh quy dao khéng doi thi chu ky quay khéng thay doi.

Cau 13
Sau khi hép thu mot hat no tron, mdt hat nhan phat xa mgt hat B~ sau d6 phan tach thanh hai
hat alpha. Gi4 tri (A,Z) cta hat nhan ban dau 13 (A 1a s6 khéi, Z 1a nguyén tir s6)

A, (6,2) B. (6,3) C. (72 D. (7,3)
Pap an: D
Ky hiéu hat nhdn ban dau la le , ta co phuong trinh phan ing
24X+(%n —> e +2 §He .
Tur do suy ra A+1=2x4=8 —> A=1T7
Z+0=-1+2x2=3 —> Z=3

Cau 14

Khi chiéu anh sang don sdc ¢6 budce song A 1én mat bé mat kim loai, thé ham ddi véi dong
quang di¢n 1a 3V,. Néu chi€u cling bé mat dé boi anh sang c6 budc song 2A thi thé ham 1a V.
Gi61 han quang dién cua kim loai d6 la

A, 302 B. 5A2 C. 3 D. 4A
bPapan: D
Ky hiéu Ey la cong thoat cua kim logi da cho, ta co cac phwong trinh
he hc
——Ey =3V , ——Ey =V,
1 0~—-°%0 21 0 0

Do do, Ey = 4]:_/c1 . Vay gioi han quang dién cua kim logi da cho la 1y = 41.

Cau 15

Tim nhiét dung riéng dang ap (¢ nhiét do khong qua cao) ctia mot hdon hop khi gdbm 3 mol
agon Ar va 2 mol nito N, , biét khéi lwong mol cua agon va nito 1a u 4 =40 g/mol va
HN, = 28 g/mol

A. 658 J/kgK B. 568 J/kgK C. 58JkgK  D. 685JkgK

Pap an: D
O nhiét do khéng qud cao, cé thé bo qua déng gép cia cac bic tir do g voi dao dong cua
nguyén twr trong phan tir vao nhiét dung mol cua chat khi. Do do, nhiét dung mol dang ap cua



Arva N, la CP(Ar) zgR , CP(NZ) =%R . Nhiét luong can thiét dé nhiét dé cia hén hop

khi tang thém 1 K khi ap sudt khong doi la Q= 3Cpary +2CpN,) = 29 ><8 314J/K. Vay
nhiét dung riéng ciia hén hop khi la
-9 . 685 J/kg K .
3ugr+2un,

Cau 16
Gia sir trén hinh v& 1a d6 thi sy phu thudc sb khdi cia nang luong lién két riéng (ning luong
lién két trung binh img v61 mot nucleon) ctia cac hat nhan.

20 MeV

<D

g

B 8+

~

& 6T

en

£ 4T —
= :

o 2 . =

Yo ! !

Z 1

S6 khéi A

Duya vao db thi trén, hiy cho biét phat biéu nao dudi ddy dung :

A. Phan tng téng hop hai hat nhan c6 s khéi trong khoang 1 < A < 50 1a phan tng toa
nhiét.
B. Phan trng phan hach hat nhéan c6 sb khéi trong khoang 100 < A < 200 thanh hai manh 1a
phan tng toa nhiét. o
C. Phan ung tong hop hai hat nhan c6 so khoi trong khoang 100 < A < 200 1a phan Ung toa
nhiét.
D. Phan tng tong hop hai hat nhan c6 sé khéi trong khoang 51 < A < 100 1 phan tmg téa
nhiét.
Papan: D
Xetphan ng tong hop hat nhan X; + X - X . Ky hiéu M;, M, va M (A, A, va A) la khoi
liwong (s6 khoi) cua cdc hat nhan twong ng Phan ung nay la phan wng toa nhiét néu
(M, +M2)C > M = (A; +A2)mc - (M, +M2)C < (4; +Ag)mc —ME =

(Al +A2)m02 _(Ml +M2)C2 < (Al +A2)I71C2 —MC2
A1+A2 A1+A2

=F |, (1)

trong dé m la khéi heong ciia nucleon, El1,E2 va E la nang lwong lién két riéng ciia cdc hat
nhan twong wng. Mat khdc,
(A + Ay)me? — (M +My)c? 3 Ayme? — M c? N Ayme? —=Myc? =

=F1+ Ez
Al + A2 Al A2
Do dé, néu E1+E2<E )
thi bat dang thire (1) théa man, tirc la phdn vng tong hop dang xéet la phan wng toa nhiét.
Twong ty, doi véi phan vmg phdn hach X — X; + Xo, néu E<E|+E> (3)

thi phan ung nay la phan wng toa nhiét.



Cdc bdt dang thire (2) va (3) khéng théa man doi véi cac phan iing trong lya chon A, B va C.
Trong lyva chon D, hai hat nhan co 56 khoi trong khoang 51 < A <100 két hop lai tao thanh
hat nhdn c6 s6 khéi I6n hon 100 va nhé hon 200. Can cir do thi da cho, bdt dang thire (2)
thoa man, do do phan wng nay la phan vng toa nhiét.

Cau 17

Mot electron bay vao khoang khong gian giita hai ban ctia mot ty dién phang. Mat d¢ dién
tich trén ban tu la 0. Cuong do dién truong gitra hai ban tu 1a E. Trong khong gian gitra hai
ban tu c6 tir truong déu B vuong goéc voi dién truong E . Electron chuyén dong thang vudng
gbc voi ca dién truong E 13n tir truong B. Thoi gian electron di dugc quang duong 1 bén
trong tu la

N Y A L
o) oB Eol 803
to
-o
Pap an: A
Dién truong trong tu la E =2 . Péelectron chuyén dong thang, toc dg v ciia né phdi théa
€0
E Bl
man v=—=-2"" Thei gian electron di dwoc quang duong [ la t = ! = st
goB v ©

Cau 18

Mot nguoi c6 10 bo loc giéng hét nhau. Khi cho anh séang tréng di qua mot bo loc, anh sang sé
c6 mau do. Neu cho di qua ca 10 bo lgc, anh sang s€ cé mau xanh yeu. Do thi nao dudi day
mo ta dac trung truyeén qua cua mdt bo loc? (T 1a h¢ so truyén qua ctia bo loc).

Ta Ta
17" 717"~ | 0 A -
A. B
Xanh bo 3» Xanh bo Vk
Ta Ta
117" I 17"T71
C. D
Xanh bo 3» Xanh Po Vk
Papan: A

Khi anh sdng trang di qua bé loc ¢é ddc trng truyén qua trén do thi A, anh sang truyen qua
c6 bude séng trong ving xanh va dé. Mdc div bé loc ¢6 hé sé truyén qua nhé hon 1 doi véi
anh sang co budc song trong viung do nhung vi khoang buoc song nay rong nén cuong do anh

8



sang truyén qua tong cong c6 mau do Ién hon dnh sang mau xanh. Két qua la dnh sdng
truyen qua bé loc ddu tién sé co mau do.

Moi lan di qua bg loc tiép theo, cwong do tong cong ciia dnh sang mau xanh khéng déi, con
cuong do tong cong cua anh sang mau do lai giam. Do do, sau khi di qua 10 bo loc, dnh sang
mau doé cé cwong dd rdt nhé so véi mau xanh. Két qua la dnh sang truyén qua sé c6 mau
xanh.

Cau 19
Mot giot thity ngén hinh cau ban kinh R ¢6 dién dung C,. Nég két hop hai giot nhu vay thanh
mot giot 1on hon cling hinh cau thi dién dung C cua giot 16n bang bao nhiéu?

A. J2¢, B, g, c. 3¢, D. 3¢,

Pap an: B

Pién dung ciia giot thiy ngdn hinh cau ban kinh R la Cy = 4zeR. Hai giot thity ngdn bdn
kinh R két hop lai tao thanh giot thiy ngdn c6 ban kinh 2R . Do ds giot thuy ngan lon co
dién dung C = %/ECO.

Cau 20

Thé tich mot bot khi tang gép doi khi ndi tir day ho 1én dén miat nude. Xem chat khi 1a khi 1y
tuO’ng, b6 qua moi sy thay ddi vé nhiét do va lay khdi luong riéng ctua nude 1a d = 1000
kg/m®. Po sau ciia hd khoang

A. 2lm B. 10m C. 52m D. 1,4m

Pap an: B

Ky hiéu P la dp sudt khi trong bot khi, V la thé tich bot khi & ddy ho, Py la dp sudt khi quyén
tai mdt ho. Bé qua sirc cang mdt ngodi, vi nhiét & khéng doi, ta c6 PV = 2PyV , hay P =
2Py. Mt khéc, P = Py + dgh , trong dé g la gia toc trong truong, h la @6 sdu ciia ho. Suy ra h
= Py/(dg) . Thay gid tri s6, ta nhdn dwoc h ~10 m.



BO GIAO DUC VA BAO TAO OLYMPIC VAT LY SINH VIEN TOAN QUOC LAN THU XX
HOI VAT LY VIET NAM DAI HOC TAN TRAO - 2017

PHAN GIAI BAl TAP

(180 pht khdng ké thoi gian phat d&)
Caul

Mot khdi khi Iy twong gdm N nguyén tir ndm trong thé tich V, & trang thai can bang
nhiét img vo1 nhiét d§ T, hoan toan c6 1ap voi moi truong bén ngoai. Gid su tai

Nl + R A 5 ’ A 5 r A - 1 \ A
thoi dieém t=0 tat ca cac nguyén tir c6 dong nang Emv2 > kT, (m la khoi luong

cua nguyén tu, k la hang sé Boltzmann, & >0la hang sd) thoat ra ngoai thé tich V.
Sau d6, s6 nguyén tir con lai s& dan tré vé trang thai can bang nhiét Gmg vdi nhiét
dO Tz.

a. Hay xdc dinh nhi¢t 6 T, nhu 1a ham cua e.

b. Tim biéu thirc ctia T, ¢ gidi han € >> 1 va g << 1.

Goi y:

e Xéc xut hé co ning luong E khi & trang thai can bang nhiét voi nhiét do T 1a
E

W =Ade KT , trong d6 A 1a hé s chuan hoa.

0 I’l+l .
o Idxx 27 =

Bai giai

a. Ky hiéu N; va N, lan luot 13 s6 nguyén tir trong khdi khi ltc ban dau va luc cubi
o thé tich V, E; va E; 1a ndng lugng tuong trng cua khoi khi. Ta cé

Suy ra
T _NyEy
T, Ny E
Mat khac, ta co
o | _mv2 vo _mv2
jdv—mv“e KTy _[dv mvie 0
E =2 , E,=-" ,
1 © _mVZ 2 © _mVZ
J.dV Vze 2kT1 J.dV Vze Zle
0 0



sz

Vo _
J.dV VZC Zle

N, =N, N, =N-2 .
0 _mV
J'dv v2e KT
0
Do do,
0 _IIlV2 Vo _l’I’lV2
J.dV Vze 2kT, IdV V4e 2kTy
T _o 0
T vo _mv2 " _mV2
Idv vZe KN Idv vie 2Kh
0 0
hay
o0 X0
jdx x12e™* jdx x>
T, _o 0
X0 [e¢]
T I Ix x 26X I dx x32e™*
0 0
,. mv% 2¢e le S A
VOl X = , Vo= = X =¢ . Cudi cung, ta nhan duogc
2kT1 m
&
, J‘dX XS/Ze—x
T,=-T &
jdx x12e™¥
0
b. Néu g << 1, ta c6 thé ldy e * ~1. Khi d6
T2 = zé‘Ti
5

Néue>>1,tacod

r 12 2 3n | 28 3/2 2 3p 25 3/2
.[dxx e ¥ =Zx7e7X +—Idxx e_x:§8 e_8+§jdxx e

0 3 0 3 0 0
Do dé

£ £
IdX X3/26—x IdX X3/26—x

=210 g0

3 £ €

J’dx X1/26—)6 83/26_8 n J’dx X3/2e—x
0 0



32 _—¢
o P T[li} .
[dx $32x N3
0

Trong tich phan cubi cung, ta di thay cin trén & — oo.

Cau 2

Gia str mién khong gian x > 0 bi lap day boi vat lidu c6 chiét suat n(x) thay d6i theo
toa do x. Mot tia sang truyén theo phuong l1ap géc o so véi truc x di vao méi
truong noi trén.
a. Chtng minh rang ban kinh R ctia quy dao tia sang tai diém x > 0 thoa man
hé thuc

R do = dx ,

cosa
trong d6 « 1a gdc giita phuong truyén cia tia sang tai diém x véi truc x.

b. Hiy tim biéu thic x4c dinh ban kinh quy dao cua tia sang nhu 12 ham cua x
bén trong moi trudng.

c. Chiét suat n(x) phu thudc vao x nhu thé nio dé phan quy dao cong cua tia
sang trong mién x > 0 c¢6 dang tron? Trong truong hop ndy, tia sang di vao
moi trudng dén d6 sau bao nhiéu? Hiy phac hoa dudng di cua tia sang.

Bai giai

Xet quy dao cua tia sang trong khoang (x,x+dx). Voi dx rat nho, c6 thé xem doan
quy dao nay c6 dang tron va dg dai cung tron nay gan bang do dai day cung tuong
g (xem hinh v&). Géc giira truc x véi tiép tuyén ctia quy dao tai diém x 13 o, tai
diém x+dx 1a a+da. D& dang thidy 6= 8= da. Ta co

dx
cosa

RO =Rda =

b. Xét mot 16p mong do day dx c¢6 bé mit vudng goc vai truc x. Co thé xem 16p vat
li¢u nay l1a dong nhat co6 chiét suat »; .



X x+dx

Tia sang di té1 16p mong dudi goc té1 o va di ra dudi goc o’. Ta cd

n=n(x) n’ =n(x+tdx) ad=atda
sina  n sina;, n'
; =—1 s . lv = (1)
sina; n sina'  n
Do @0,
nsinag =n'sina' hay ncosa da:—sina%dx : (2)
X
Mat khac, ban kinh quy dao R tai x théa man hé thirc
Rda=—= 3)
cosa
T (2) va(3) suyra
1 ldn . : 1 dn : d( 1
—=————sina =-nysinay ———=nysinegg —| ——|. 4)
R n dx n- dx dx\ n(x)

O day, ny va ap 1a chiét suat va goc téi cia tia sang tai bé mat x = 0.

¢. Quy dao cua tia sang trong méi truong cd dang tron néu 1/R = const. Khi d6

daf 1 =K hay L=Kx+A 5)
dx\ n(x) n(x)
v6i K va A 1a cac hing sb, K co thir nguyén (1/d6 dai). Vay
ny
nx)=——— 6
(x) Kngx +1 ©)

Néu K > 0, khi x tang thi n(x) giam. Theo (2) ta c6 nsina = const, suy ra sin(o)
tang. Do do, tai khoang cach 16n nhat x,,,, ma tia sing di vao moi truong thi a =
90° . Chiét suit tai diém nay co6 gia tri n= nysina,, . Thay vao (6), ta co

) n
nysinogy=—mm 7
0 0 Kngx . +1 )
suy ra
1 1
Xy =—— -1 . 8
ax Kn, (sin a j ®)

Khi d6 duong di cua tia sang c6 dang



v

0/ v
""" a

Néu K < 0, n(x) tang khi x ting, do d6 sin(a) giam. Gi4 tri nho nhét cua o 1a 0. Khi
doé tia sang truyén song song véi truc x va khong bi khiic xa. Trong truong hop nay
tia sang di vao moi truong ra xa vo cung. Puong di cua tia sdng c6 dang

""" ocy

0 X

Cau 3
Photon c6 dong luong p, va cham vo1 electron dung yén (p, =0). Khi do, co thé
x4y ra hai qua trinh:
a. Photon bi tan xa, bay ra véi dong luong P, theo phuong lap géc 9 véi
phuong ctia p,, con electron thi chuyén dong véi dong lwong P, theo phurong
lap goc @ voi p,. Hay biéu dién |p, |, |p,| va @ qua|p,|va 9.

b. Photon bi hiy va sinh ra mdt cap electron + positron. Nhu vay, sau qué trinh
va cham, c6 ba hat ty do co cung khéi luong nghi m. Hay xac dinh nang
lwong tdi thiéu ctia photon dé qua trinh nay co thé xay ra.

Bai giai
a. Dinh luat bao toan nang lugng va xung lugng cho cac phuong trinh

P T P, :51 + 132 ) (1)

cp, + mc? :cp'1 + c\/(p'z)2 + (mc)2 , (2)
hay
p, = p'lcos 3+ p'2 cosop

5



p,sind=p,sing ,

(b, +me—p; ] =(p))? + (me)’

Tir d6 ta nhan duoc

p;=p; mc [mc + p;(1-cos 9)]"' , (3)
tang = p, sin9 /[p; - p, cos9] , 4)
p,=[p1 - p,cos9] / cose . (5)

b. Nang lugng cuc tiéu ctia hé ba hat sau va cham dugc xac dinh trong h¢ quy
chiéu khéi tam S°. Nang luong d6 13 E,, = 3mc”. Khi d6, ca ba hat déu dung yén
trong hé quy chiéu S’. Trong hé quy chiéu phong thi nghiém S, ba hat c¢6 ciing xung
luong p = pi/3. Theo dinh luat bao toan nang lugng ta cd

cpy + me” =3[(pic/3)” + (me?)’]? . (6)
Do d6, nang lugng t6i thiéu cua photon Ej, 1a
Epn=cp1 =4 me® . (7)

Ciau4 Mady gia téc betatron

cuc nam cham dién

|
| g i
|

ong chan khong

By

.\N burc xa ¥

ong chan khong

quy dao on dinh

nguon phat electron

Betatron 1a mot loai may gia toc tron dung dé gia tdc electron, ¢ thé cho cac
chum electron nang lugng cao 1én té1 300 MeV (rat 16n so v6i ndng luong nghi cua

6



electron m.c’ = 0,51 MeV). Trén hinh v& 13 so dd may gia toc betatron. Tl truong
cua nam cham dién tang Ién c6 tac dung lam tang toc dJ cua electron dong thoi gitr
cho electron chuyén dong theo quy dao tron ban kinh r,. B6 1a nguyén tac lam vigc
cua betatron.

Tir truong ciia nam chdm dién khong dong nhat va ¢ d6i xtng truc. Truc ddi
xung cua tu truong di qua tdm va vuodng goc vol mat phang quy dao tron cua
electron. Trén mat phang nay (duoc chon 1a mat z= O) tr truong khong co thanh
phan hudng tam, tc 1a B(r z=0)= B(r)z trong d6 z la véc to don vi hudng theo
truc z, r la khoang cach dén truc d6i xtmg. Gia sir tai thoi diém ban dau ¢ = 0,
electron dirng yén va tu truong bang 0.

a. Tim mdi quan hé gitta dong luong p cua electron va ban kinh quy dao 7.

b. Ching minh rang dé giit cho electron chuyén dong theo quy dao tron c6 ban

kinh o khong d61 ma van dugc gia toc, can théa man di€u kién

By = B

trong d6 B(ry) = By 1a gia tri tir truong trén quy dao tron, B la gia tri trung binh
cua tur truong xét trén toan bd dién tich S gidi1 han béi quy dao do,

— 1
B—EiB(r)dS

Diéu kién nay dugc goi la diéu kién Wideroe hay diéu kién betatron.
Bai giai
a. Bé giit electron chuyén dong theo quy dao tron ban kinh r, khong doi, Iyc tir tac

dung 1én electron phai cAn bang véi luc ly tam:

2
v
|evB(r0,t)| =myy— , (1)
o
trong d6 v va m, lan luot 1a tde d6 va khoi luong nghi cua electron,

2
v

Do d6, dong luong cia electron lién hé véi ban kinh quy dao boi biéu thire
p(t):mev:‘erOB(FOat)‘ . (2)

RS rang 1a khi p tang, tir truong B ciing phai ting dé ban kinh quy dao r, khong
thay d6i.

b. Khi tir truong thay doi, trén quy dao cta electron c6 suat dién dong cam tng U



1o ) LB ) LI I LG (3)
dt| |5dt L dt
Mit khéc, ky hiéu E 1a dién truong xody tao béi tir truong bién thién, ta co
‘U‘: §Ea’; =2y E(ry,t) . 4)
C

O day, C ky hiéu quy dao cua electron. Do dbi xtmg, dién trudong E c6 phuong tiép
tuyén voi quy dao cua electron. So séanh (3) va (4) ta nhan dugc

1 |dB(7)
E(ry,t)=—r, 5
(19,1 >0 (5)
Phuong trinh chuyén dong cta electron 1a
dp
— =eE(r,,t 6
J t‘ |eE(ry, 1) (6)
Tt cac phuong trinh (2), (5) va (6), ta cé
dB(ry,1)| 1|dB(r) 1—
— Y = ha B ,t = _B t . 7
‘ & > y (15,1 5 (1) (7)




BOQ GIAO DUC VA PAO TAO HOQI VAT LY VIET NAM

OLYMPIC VAT LY SINH VIEN TOAN QUOC LAN THU XX
DPE THI THUC NGHIEM
Thoi gian: 180 phut

KHAO SAT PAC TRUNG QUANG DPIEN CUA LAZE BAN DAN
I. COSO LY THUYET

Anh sang 13 séng dién tir ngang, dién trudong ctia nd ndm trong mit phing vudng goc véi
phuong lan truyén va dién truong dao dong déu theo cac phuong con anh sang phan cyc thing
(phan cuc toan phan) 1a 4nh sang trong d6 dao dong sang chi dugc thyc hién trong mot mat
phing nhét dinh chira tia sang.

Laze ban din (con goi 1a laze didt) c6 cdu tao tuong tu diét phat quang nhung c6 thém cac
bd phéan dé phat ra anh sang cyc manh theo co ché khuéch dai anh sang bﬁng burc xa kich thich.

Trong thi nghiém nay ching ta s& khdo sat cac dic trung cua laze ban din va 4nh sang do
laze ban dan phit ra.

Nguon sang: laze ban din

Ngudn sang trong thi nghiém nay 13 mot laze ban dan. Phan cuc thudn laze ban dan (cap
ngudn: (+) vao chin do, (-) vao chin den) va ting dan hiéu dién thé, ban dau cudng d6 anh sang
phét ra rat yéu, dong dién qua laze ban dan van nho. Tang dan hiéu dién thé dén mot ngudng
niao do6 thi co ché phat ra anh sang kiéu laze bat dau xay ra va dong dién qua laze luc nay ting
nhanh. Dong dién ng voi qua trinh phét laze bat dau xay ra la dong dién ngudng. Trén dong
ngudng, cudng do anh sang ting rat manh khi dong dién ting, va ti ¢ véi cuong do dong dién.
Néu cuong d6 dong dién ting nita, thi tc do ting clia cudng do sang theo dong dién giam di do
laze ban dan bi nong 1én. Vi vay khoang cudng do dong dién tdi uu cho hoat dong ciia laze ban
dan 1a khu vuc ma ¢ d6 cuong do sang phu thudc tuyén tinh vao cudng do dong dién.

Hiéu suit phat quang cta laze dugc dinh nghia 1a ti s§ giita cong suat quang phat ra va
cong suat dién cung cap.

Trong thi nghiém, & dau phat laze c6 nim xoay nhe ¢ thé ding dé chinh d6 hoi tu cho
chim laze phét va dé chinh hudng laze. Khi 1am thi nghiém nén hiéu chinh sao chum laze chiéu
dung vao dau thu quang.

Piu thu quang: Linh Kkién phétodiot

Linh kién thu quang 1a mot photodidt dung dé chuyén doi photon anh sang thanh dién theo
hiéu tng quang dién. Photodi6t cé cau tao tuwong tu kiéu dibt va co hai ché do lam viéc 1a ché
d6 quang thé va ché 46 quang dén.

O ché dp quang thé, anh sding chiéu vaio sé sinh ra hiéu dién thé hé mach. Khi s photon
chiéu vao bé mat phétodiét con it thi hiéu dién thé hd mach sinh ra sé& ti 1& tuyén tinh v&i cuong
d6 chiéu sang. Khi cuong do chiéu sang lon thi hi¢u dién thé hé mach sinh ra sé khong con ti l¢
tuyén tinh nita.

O ché dp quang din, phétodiét la viéc ¢ ché dp phén cwe ngwoe. Photon chiéu sang dén
bi hap thy lam phat sinh cac dién tir va 15 trong, cac hat mang dién nay dong gop chu yéu vao
thanh phan dong dién trong mach. Do d6 c6 thé coi dong dién trong mach 13 dong gy boi cac
photon anh sang. Dong dién nay ti 1é tuyén tinh véi cwong d dnh sdng.



Trong thi nghiém, d4u thu quang dwoc han day dé ndi ra 2 chin

do6 va den tach biét nhu hinh bén. Dau thu quang nay khong phu thudc
vao su phan cuc cua anh sang ma chi phu thudc vao cuong do anh

sang.

II. DUNG CU THU'C HANH

1. Danh sach cac dung cu

¥¥

Po _@— Pen

STT Dung cu So STT Dung cu So
luong lugng
1 | Hé quang gom ray, 1 dau | 01 5 Kinh phan cuc 02
phét laze, 1 dau thu quang
2 | Hop nguodn va mach dién 01 6 Pong ho do dién van nangky | 02
hiéu dénh sb 1 va 2
3 | Adapter 5V,1A cho 2 01 7 | Day ndi dién 09
4 | Biéntro 4,7 KQ 01 8 Vit M6 (gai trén ray) 01
2. Thong tin vé céc linh kién va dung cu
2.1. H¢ quang: Dau phat laze, Pau thu quang, Ray quang hoc
2.2. Hop ngudn va mach di¢n 10 T 9 6
i Khi str dung adapt§r 3dé nuf)i chro hop 2 (cam vao R, =330 Q T R, =100KQ
10 canh bén hop), khi d6 so d0 mac mach cua hop ]
ngudn nhu hinh bén. Bét cong tic néu dén sang ching 2 © © 5
3 4

to hop 2 hoat dong tt.

2.3. Kinh phan cuc

Dung cu 5 bao gom kinh phin cuc duoc gin chit véi nim xoay. Khi xoay niim thi kinh
phan cyc bi xoay theo. Nim xoay duoc khic chia vach déu quanh niim véi téng sd khoang 1a
180. Nhu vdy tng v6i mdi vach chia nho 1a 2°. Dé ¢ dinh co ciu (5) 1én thanh ray ta sir dung
vit M6 (8) dé gé (trong khe ctia ray di c6 san phu kién bat vit M6).

2.4. Bién tré

Bién trg 4 c6 3 chdt dau ra tuong ng v6i 3 mau Pen, Xanh, Pé. Khi xoay nim bién trd
thuan chiéu kim dong hd thi dién trg giita hai diu Pen va Xanh ting dan. Dién trd gitra hai dau
Pen va Pé ludn khong dbi.

2.5. Pong hd do di¢n

Hai déng hé do dién van nang dugc danh s61va 2. Déng hd 1 co thé sur dung 1am von ké
hodc ampe ké. Pong ho 2 chi dung vai chirc ning lam von ké.

III. YEU CAU THU'C HANH

1. Khio sat dic trung von — ampe ciia ddu phat laze khi phan cue thuin

- V& so d6 b tri thi nghiém.
- Trinh bay bang sd liéu do khao sat dic trung von — ampe khi phan cyc thuén laze.
- V& db thi dic trung von — ampe cua laze khi phan cyuc thuan



- Trinh bay cach xac dinh budc song cua laze tir dac trung von — ampe va tinh bude song
cua laze.

2. Xac dinh céc dic trung quang di¢én cua laze

- V& so @6 mic mach dé khao sat dang dic tuyén vé mdi quan hé gitra cuong do sang theo
dong nuoi laze.

- Trinh bay bang sd liéu thu thap, cach xir 1y s6 lidu va bang sb lidu xir 1y.

- V& @6 thi mé ta dang dic tuyén vé mdi quan hé giita cudng d6 sang theo dong nudi laze tir
do6 xac dinh gié tri khoang cuong do dong dién nudi t8i uu cho hoat dong cua laze.

- V& @6 thi md ta dang didc tuyén vé hiéu suit phat quang cua laze theo cong sudt nudi laze
va chi ra gi4 tri cong suat nudi laze dé hiéu suat phat quang ciia laze dat cuc dai.

3. Khao sat dac tinh anh sang cua tia laze

Trong phan nay ta khao sat dic tinh anh sang ctia laze thong qua viéc xoay mit phing phan
cuc cua kinh phéan cuc.

Lip gia d& kinh phan cyc 1én ray quang hoc va ga chit bang vit M6. Hiy chu y can dé kinh
phan cyc vudng goc véi chiim sang phat ra tir tia laze. Nén dé kinh phan cyc gan giita chiéu dai
ray quang hoc. Dé khio sat dac tinh anh sang cua tia laze, anh sang phat ra tir laze can giit 6n
dinh. Xoay nhe num xoay cua kinh phan cuc va quan sat 4nh sang sau khi qua kinh phan cuc
sao cho anh sang yéu nhat, 1y vi tri d6 lam mbc ban dau cho qué trinh khéo sat cuong do anh
sang qua kinh theo goc xoay cua kinh phan cuc.

- V& so d6 mac mach dién b tri thi nghiém.

- Trinh bay bang s6 liéu do va bang xir 1y s6 liéu.

- Dyng d thi m ta dang twong quan ciia cudng do sang sau khi qua kinh theo goc xoay ciia
kinh phan cuc.

- Nhan xét vé mirc d6 phan cuc ctia anh sang phat ra tir dau phat laze.

HET




HUONG DAN CHAM THUC NGHIEM
Cau 1. Khio sat dic trung von — ampe ciia dau phat laze khi phan cuc thuin (10 diém)

So' do bo tri thi nghiém:

Bang sb liéu do, don vi (don vi do ghi trong dau ngoic).

I U I U I U I U
(mA ) (V)| (mA) (V)| (mA) (V) | (mA) V)
0 1.00 11.5 2.12 5.0 1.97 20.0 2.25
0 1.30 12.0 2.13 5.5 1.99 211 2.27
0.1 141 12.5 2.13 6.0 2.00 22.0 2.29
0.5 1.76 13.0 2.14 6.5 2.01 23.0 2.31
1.0 1.82 13.5 2.15 7.0 2.02 23.8 2.46
1.5 1.86 14.0 2.16 7.5 2.03 23.0 3.19
2.0 1.88 14.5 2.16 8.0 2.05 221 3.92
2.5 1.90 15.1 2.17 8.5 2.06 20.9 4.04
3.0 1.92 16.0 2.19 9.0 2.07 20.1 4.13
3.5 1.93 17.0 2.20 9.5 2.08 19.0 4.31
4.0 1.95 18.0 2.22 10.0 2.09 18.0 4.58
4.5 1.96 19.0 2.24 10.5 2.10 17.4 4.85
5.0 1.97 20.0 2.25 11.0 2.11
Dic trung von — ampe cia laze khi phin cwe thuin
25
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Trinh bay cdach xdc dinh budc song cua laze. ‘
D¢ xac dinh budc song laze can xac dinh dién ap ngudng dé phat laze
Dién 4p ngudng nhan dugce tir d6 thi I-V bang vi¢c ngoai suy doan tuyén tinh dén cat truc hoanh.

Tir do tinh eU,, =— = A=
A

Tinh toan xac dinh bude song laze. U, =1,90V =24 =

he

hc
eU,,

he

Cau 2. Xac dinh cac dic trung quang dién cua laze

eU

ng

=0,65um

So d6 mac mach d€ khao sat dang dac tuyén vé mdi quan h¢ gitra cuong do sang theo dong nuoi laze:

Bang s6 li¢u do

I Uro I Uro I Uro I Uro
(mA) | (mV) | (mA) (mV) (mA) | (mV) | (mA) | (mV)
0 0 11.5 15.3 5.0 0.3 20.0 487
0 0 12.0 38.8 5.5 0.4 211 548
0.1 0 12.5 68.3 6.0 0.5 22.0 596
0.5 0 13.0 99.1 6.5 0.6 23.0 653
1.0 0 13.5 127.5 7.0 0.7 23.8 690
1.5 0 14.0 152.9 7.5 0.8 23.0 635
2.0 0 14.5 186.1 8.0 0.9 221 612
2.5 0 15.1 210.0 8.5 11 20.9 611
3.0 0 16.0 269.0 9.0 1.2 20.1 610
3.5 0 17.0 324.0 9.5 1.5 19.0 609
4.0 0.2 18.0 380.0 10.0 1.8 18.0 608
4.5 0.3 19.0 438.0 10.5 2.4 17.4 606
11.0 3.7
Béng s6 lidu xtr Iy
I u Praze Lo/ Prage I u Praze Lo/ Prage
(mA) V) UR2 Ipd (mA) V) UR2 Ipd
(mV) (nA) (mV) (nA)
4| 195 0.2 | 0.002 7.8 0.025641 14| 2.16| 1529 | 1.529 | 30.24 | 5.056217
45| 1.96 0.3 | 0.003 8.82 0.034014 | 145 | 2.16| 186.1| 1.861 | 31.32 | 5.94189
5| 1.97 0.3 | 0.003 9.85 0.030457 151 | 2.17 210 2.1 | 32.767 | 6.408887
55| 1.99 0.4 | 0.004 10.945 0.036546 16 | 2.19 269 2.69 | 35.04 | 7.676941
6 2 0.5 | 0.005 12 0.041667 17 2.2 324 3.24 37.4 | 8.663102
6.5| 2.01 0.6 | 0.006 13.065 0.045924 18 | 2.22 380 3.8 | 39.96 | 9.50951
7| 2.02 0.7 | 0.007 14.14 0.049505 19| 2.24 438 438 | 42.56 | 10.29135
75| 2.03 0.8 | 0.008 15.225 0.052545 20| 2.25 487 4.87 45 | 10.82222

2




8| 2.05 0.9 | 0.009 16.4 0.054878 | 21.1| 2.27 548 5.48 | 47.897 | 11.44122
8.5 | 2.06 1.1 | 0.011 17.51 0.062821 22| 2.29 596 5.96 | 50.38 | 11.83009
9| 2.07 1.2 | 0.012 18.63 0.064412 23| 231 653 6.53 | 53.13 | 12.29061
9.5 | 2.08 1.5 | 0.015 19.76 0.075911 | 23.8 | 2.46 690 6.9 | 58.548 | 11.7852
10| 2.09 1.8 | 0.018 20.9 0.086124 23| 3.19 635 6.35 | 73.37 | 8.654764
10.5 2.1 2.4 | 0.024 22.05 0.108844 | 22.1| 3.92 612 6.12 | 86.632 | 7.064364
11| 2.11 3.7 | 0.037 23.21 0.159414 | 20.9 | 4.04 611 6.11 | 84.436 | 7.23625
11.5| 212 | 15.3 | 0.153 24.38 0.627564 | 20.1| 4.13 610 6.1 | 83.013 | 7.348247
12| 2.13 | 38.8 | 0.388 25.56 1.517997 19| 431 609 6.09 | 81.89 | 7.436805
125 | 213 | 68.3 | 0.683 26.625 2.565258 18 | 4.58 | 608 6.08 82.44 | 7.375061
13| 2.14| 99.1 | 0.991 27.82 3.562185 | 17.4|4.85 | 606 6.06 84.39 | 7.180946
13.5 | 215 127.5 | 1.275 29.025 4.392765

Do thi xir 1y s6 liéu dé xac dinh gia tri khoang cuong d6 dong dién nudi téi vu

5 10
I laser (IIIA)

15

20

25

Khodang cuong d6 dong dién nudi tdi wu cho hoat dong cua laze: 11,2 dén 23,8 mA

D6 thi mo ta dang dic tuyén vé hiéu sudt phat quang ciia laze theo cong suat nudi laze
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Gia tri cong suét nudi laze dé hiéu suit phat quang cua laze dat cuc dai: Pla,e = 58 mW

Ciu 3. Khao sat dic tinh anh sing cua tia laze
So d6 bo tri thi nghi¢m.




Béng s6 li¢u do va bang xur 1y so li¢u

Bang s6 li¢u do

Bang xir 1y so li¢u

Goc xoay | Ura Goc xoay | Ura Cos’0 I Cos’0

0 0.09 190 9.1 1 0.09 0.970419 9.1
10 5.4 200 23.8 0.969877 5.4 0.884157 23.8
20 16.5 210 44.4 0.883136 16.5 0.751607 44.4
30 344 220 64 0.75023 344 0.58874 64
40 56.9 230 88.7 0.587173 56.9 0.415181 88.7
50 77 240 103.7 0.413612 77 0.251841 103.7
60 91 250 117 0.25046 91 0.118403 117
70 104.5 260 120 0.117376 104.5 0.030945 120
80 111 270 119.2 0.030396 111 5.71E-06 119.2
90 116.7 280 113.4 6.34E-07 116.7 0.029312 113.4
100 110.4 290 100.6 0.029852 110.4 0.115333 100.6
110 101.8 300 90.7 0.116353 101.8 0.247705 90.7
120 90.1 310 71 0.249081 90.1 0.410476 71
130 75.5 320 49.6 0.412043 75.5 0.584034 49.6
140 57 330 31 0.585604 57 0.747467 31
150 35.5 340 15.6 0.74885 35.5 0.881082 15.6
160 154 350 4.2 0.882111 154 0.968778 4.2
170 4 360 0.09 0.96933 4 0.99999 0.09
180 13 190 9.1 0.999997 13 0.970419 9.1

D6 thi mo ta dang tuong quan ciia cudng do sang sau khi qua kinh theo goc xoay cua kinh phan cuc
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CAU HOI TRAC NGHIEM

Caul

Mot luong khong d6i khi ly twéng ¢ nhiét do T, va ap sudt po thuc hién qua trinh
lam 4p suét cta né thay doi thanh 2p,, sau d6 thé tich cta khdi khi ting tir V 1én
3V,, nhu duge mé ta trén gian d6 p-V

p A
2 3
2po == l *
Pof—---- » 1 '
0 | , L

0 Vo 2V, 3vp V
Gian dd p-T nao dudi day phan anh ding cac qua trinh trén?

P4 p4
2 3 2 3
2pg o . : 2pg - ; *
VA 1/ i
po ________ 1 : i po -___I : i
0 i i L ol_i | L,
0 T() 2T0 3T0 T 0 TO 2T0 6T0 T
A B
p A p A
2 3 ) ? 2
2P0 == — L ’ [
Pof-—------ l 1 Pof-—-- ---------------- » 1
0 i i i > 0 I 1 i >
0 T, 2T, 3T, T 0 %To %TO T, T
C D

Pap an: B



Theo gian do p-V, qud trinh 1-2 la qud trinh dang tich, do d6 p/T=const. Ap sudt
tai diém 2 la Dp2=2py nén nhiét do twong ung la T,=2T,. Qua trinh 2-3 la qua trinh
d‘cfng dp nén V/T=const. Thé tich tai diém 3 la V;=3V, nén nhiét @6 la T;=3T,=6T,.
Do dé gian dé p-T ciia ddp dn B phan dnh qud trinh néi trén.

Cau 2

Mot nguyén tir hydro dang & trang thai co ban chuyén dong voi dong ning 7 dén va
cham v6i mét nguyén tir deuterium (mot dong vi cua hydro) dang ding yén ¢ trang
thai co ban. Hoi T phai c6 gia tri toi thiéu bang bao nhiéu néu trong quang phd thu
dugc c¢6 mat vach sang mau d6? Biét nang luong ion hoa cta nguyén tir hydro 1a

E=13,6 V.

A. 272eV
B. 18,2eV
C. 154¢eV
D. 12,6 eV
Pap an: B

Vach mau do (ing voi budc song cé' 700 nm, nang Zu"ong cua photon khodng 1,8
eV) dwoc tao thanh khi nguyén tw hydro chuyen tir mike kich thich thir 2 (n=3) vé
mikc kich thich thir nhat (n=2). Do d6, dé trong quang phé thu dwoc ¢é vach mau
do thi it nhat mot trong hai nguyén tir phdi bi kich thich 1én mirc n=3 c6 ning
lirong —E/3°.
Mat khdc theo dinh ludt bao toan dong lwong, dong nang 10i thiéu cia hé sau va
cham la
T’ = 0,5p°/(m;+ms) = T/(1+ms/m;) = T/3.

Do dé, dé cé dwoc vach phé mau do thi

T>T/3-E9—(-E) hay T=>4E/3=182eV.

Cau 3
Mot hat chuyén dong mdt chiéu trong hd thé vudng c6 dd sau hitu han Vy nhu trén
hinh v€. D6 thi nao dudi day mo ta ham song kha di @ cua mot trang thai lién
két (trang thai c6 nang luong thudc pho gian doan) ctia hat?

V A

X1 X2
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Dap an : B

Ham song cua hat chuyén dong trong thé hitu han phai lién tuc va co dao ham tai
moi diém. Hon nita, ham song trang thai lién ket phai dan toi 0 khi |x| — oo . Do thi
B thoa man cac diéu kién nay.

Cau 4

Mot chum 4nh sang song song truyén theo phuong ngang dén lang kinh nhu trén
hinh v€. Lang kinh c6 dang 1/4 hinh try, ¢6 ban kinh R =5 cm, va chiét suat n=1,5.
Mot mang trén mit ban ¢ khoang cach x tinh tir ling kinh khong dwgc chiéu sang.
Giatricuaxla

—
—
—' X
«—>
R

A. 171lcm B. 2.24 cm C. 2.50 cm D. 5.00 cm

Papan: A



v

-
.
z
-
-
.
>
-
.
-
-
.
-

o
R X

Gia tri cua x dwoc xac dinh boi diéu kién goc a bang goc toi han cua phan xa toan
phan: sina = 1/n. Do do

R 1 1
X=——-R=R|———=-1|=R| ——=-1|=1,71cm
cosa [\/l—sinza ] [\/l—l/n2 ]

Cau s

Hai qua cau dan dién gidng hét nhau c6 dién tich dwong lan luot 13 q; va qu, qi# Q.
Hai qua cau dugc cho tiép xuc voi nhau va sau d6 duge dua trd lai vi tri ban dau
cua chung. Luc tac dung giita cic qua cau

A. Tuong tu nhu trude khi chung tiép xtc véi nhau.

B. Lon hon trude khi chiing tiép xuc véi nhau.

C. Nho hon trudce khi chung tiép xtc voi nhau.

D. Khéng du cin cir dé két luan.
Pap an : B
Khi hai qua cau tiép xuc nhau, dién tich trén hai qua cau phdn bé lai cho dén khi
dién tich trén hai qua cau bang nhau. Luc tdc dung gitta hai qud cau ly lé voi tich
q1q>. Mat khéc, tong q; + q> khéng doi, nén tich q,q> I6n nhdt khi g; = g . Vi vy,
phuwong dn B dung.

Cau 6
Xét mot mau dong *°Cu tinh khiét. 7/8 sd nguyén tir ctia mau phan hiy thanh Zn
trong 15 phat. Chu ky ban rd caa *°Cu 1a

A. 15 phit
B. 10,4 phit
C. 7,5 phat
D.  5phat

Papan: D
Ky hiéu T la chu ky ban rd. S6 nguyén tir con lai tai thoi diém t la

—Lan
N(t):Noe r



Do do

—e T —  T'=5 phut .

Cau 7
Kén clarinet 14 mot nhac cu thudc bd hoi, ¢ thé dugc md hinh hoéa bdi mot 6ng kin
o0 mot dau. Gia sur rang cac nuat va cac bung soéng ap suat xuat hién ding ¢ dau ong.
Mot keén clarinet c6 tan s6 co ban la 130 Hz. Héi chiéu dai ctia ong 1a bao nhiéu?
Toc do cuia am thanh trong khong khi 1a 340 m/s.

L

v

<
<

S

Ld thdi

-;asgazsﬁnﬂnﬁiiﬂ53===="ll'

A. 1,308 m B. 0,654m C. 0981m D. 0,872 m
Papan: B

Khi ta théi vao 16 thoi, khéng khi trong ong dao dong. Ken phdt ra am thanh néu
dao dong cua khong khi trong long ong tao nén song dwng DPéi véi ong kin mét
dau, ta c6 biéu thirc L =nA/4, trong dé L la chiéu dai éng, A la budc séng cia dm
phatra, n =1, 3, 5,... chi bdc hoa ba cua dm phdt ra.

Do do L =v/(4f) = 0,654 m.

Cau 8

Trong thi nghiém nhiéu xa qua mot khe hep co6 do rong w, ngudi ta théy do rong
cua vach sang trung tdm la d. Néu thay khe hep bang mot khe c6 do rong gap doéi
2w thi két luan nao sau day vé vach sang trung tam ding?

lade | I

A. Do rong 1a d nhung cuong d6 sang ting gap doi.
B. D06 rong 1a d nhung cudng do sang bang mot nira.
C. D0 rong khoang 2d.
D. D¢ rong khoang 2 d

Pap an: D



Trong nhiéu xa qua khe hep, d6 réng d cia vach sang trung tam ty 1é véi A/w ,
trong do A la budc song anh sang. Do do, néu w tang gap doi thi do rong d giam di
mot nia.

Cau9
Mot xi-lanh kin dat nam ngang duoc chia lam hai phan bang nhau boi mot pit tong
cach nhiét. Moi1 phan cé chiéu dai 1y = 30cm, chtra mét lugng khi giong nhau &
27°C. Nung néng mét bén thém 10°C va 1am lanh bén kia di 10°C. Khi d6 pit tong
dich chuyén mdt doan 1a bao nhi€u? Bo qua ma sat gitia pit tong va xi-lanh. Xem
chat khi 1a khi ly tuong.

A. Icm B. 2cm C.3cm D. 4cm
Dap an: A
Pit téng dirng yén (trude va sau khi dich chuyén) khi dp sudt ciia chat khi hai bén
pit téng bang nhau. Phwong trinh trang thdi cho khi ¢ méi bén xi-lanh la:

P,
Bén bi nung nong: FoVo = bV : (1)
T, T,
PV, P
Bén bi lam lanh: Vo _ PV, )
Ty T,
Chi s6 0 ding dé chi trang thai ban dau. Tir phwong trinh (1) va (2) va P,=P, suy
ViV,
ra —=—=
T, T,

Goi x la quing dwong pit tong dich chuyén, ta co:
(I, +x)S _ (I, —x)S o ye T,-T,
T, T, T, +T,

Iy

Thay gia tri s6, ta nhdn dwoc x = 1 cm.
Cau 10

Diing ngbi trén con tau vil try bay tir qua dat dén tram vii try véi téc d6 rat 1on
khong d6i. Tram vii tru dtng yén so Vo1 qua dat. Khi di dugc ding nira duong,
Diing gui cung lic hai tin hi¢u vo tuyén, mot tin hiéu hudng vé trai dat cho An va
mot hudng vé tram vil tru cho Bic.

(i %

Theo quan sat ctia Diing, két luan nao dudi day ding vé thtr ty nhan duoc buc dién:
6




A. An nhan duoc trude Bic.

B. Bac nhan duoc trudc An.

C. An va Bac nhan dugc cung mét lac.

D. Khong két luan dugc vi phu thudc vao tan so ctia sobng vo tuyen.

Dap an: B

Theo quan dzém cua minh, Diing giri hai tin hiéu déng thoi cung mot luc va ca hai
tin hiéu truyén cung toc dé. Bdc dang di chuyén vé ° phia Diing, trong khi d6 An di

chuyén ra xa hon. Do do, Ding sé thdy tin hiéu dén Bdc trude vi tin hiéu nay di
mot quéing dwong ngan hon.

Cau 11

Chp qua cau dic dan dién co dién tich q. Cap do thi nao mo td dang dang cua di¢n
thé V(r) va cuong do dién truong E(r) cia qua cau, trong do r la khoang cach toi
tam qua cau?

A. D0 thi A cho V(r) va d6 thi B cho E(r).

B. D4 thi C cho V(r) va db thi B cho E(r).

C. Db thi C cho V(r) va dd thi A cho E(r).

D. D0 thi D cho V(r) va d6 thi C cho E(r).

AL N\

A B C D
Papan: A

Trong long qud cau dan dién, dién thé khéng déi, cwong do dién truong bang 0.

Cau 12

Biéu d6 cho thay su phu thuc thot glan ctia d6 phong xa R ddi véi ba miu phong
xa. Hiy xép cac miu theo thir tu thoi gian ban rd cta ching ting dan.

R
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Dap an : C
Do phong xa tai thoi diém t dwoc cho béi biéu thirc
t
_ _dN 1n2NOe 7 n? ’
a7
trong d6 T la thoi gian ban rd. T cang I6n thi dwong cong R(t) cang it doc. Do dé
phuong an C dung.

Cau 13

Mot chum anh sang khong phan cuc di dén 1an luot hai kinh phan cuc 1y tudng
dugc bd tri sao cho anh sang khong di qua dugc kinh phan cuc thir hai. Nguoi ta
dua kinh phan cuc thir ba vao khoang gitra hai kinh ban dau va quay dinh hudng
ctia n6 mot cach lién tuc tir 0° dén 180°. Cuong do tuong ddi cuc dai cua anh sang
truyén qua ca ba kinh phan cuc (ti s6 giita cuong do anh sang truyén qua va cudng
dd anh sang téi) 1a

A. 0 B. C.

5l

1 1
8 2
Dap an: B

Géc giita truc phdn cuc ciia hai kinh phén cwc ban dau la 90°. Ky hiéu goc gitra
truc phan cuc cua kinh thur ba va kinh thw nhat 1 6, E,la cuong do dién truong ciia
dnh sang sau khi truyén qua kinh thir nhat. Khi do, cwong dé dién trwong ciia dnh
sang sau khi di qua cd ba kinh phan cuc la E, = E, sin@ cos@. Cuong do dnh sang
truyén qua la I=(E.)*=(E,)’ sin® 0 cos” 0=1/8 I, sin>20, trong d6 I, la cwong dg dnh
sang toi. Vay cuong do anh sang truyén qua cuc dai la 1,,,,=1/8 1.

Cau 14

Ban dau, mot luong khi 1y tudng co nhiét d6 Ty, thé tich V, va ap suat p,. Nguoi ta
nén khi dén thé tich béng mot nira thé tich ban dau. Qué trinh d6 ¢ thé 1a doan
nhiét (qua trinh 1), dang nhiét (qua trinh 2), hodc ding 4p (qué trinh 3). Két luan
nao vé cong co hoc thyc hién trén khéi khi 1a ding?



Pot-----

A. Lon nhét d6i véi qua trinh 1.
B. Lon nhat ddi véi qua trinh 3.
C. Bang nhau d6i voi qud trinh 1 va 2, nhé hon ddi v6i qua trinh 3.
D. Bang nhau dbi v6i qua trinh 2 va 3, nho hon d6i véi qua trinh 1.
Pap an: A
) ] vd
Cong co hoc thyc hién trén khoi khi dwoc cho boi biéu thirc jpdV, trong do V,va
Ve
V. lan luot la thé tich ban dau va thé tich cuoi cua khoi khi, tirc la ty 1¢ voi dién tich
cua hinh bén dudi duong cong mo ta qua trinh bién doi cua khoi khi. Theo hinh ve,
cong ung voi qud trinh 1 la [on nhat.

Cau 15

Gia tri ndo dudi day gan nhit vé6i tbe do cudn V4 cua electron trong soi day dong co
ban kinh 1 mm, dong dién cuong do 3A? Biét rang khoi luong riéng cua dong &
nhiét d6 phong 12 9 g/em’ , khéi lwong mol 14 63,5 g/mol.

A. 6x10°m/s B. 4x10*m/s

C. 3x10°m/s C. 8x10"m/s
Dap an : A
A A A \ ]M ’ \ \ A \ . A \ A
Van toc cuon la v, = , trong do I la cuong do dong dién, M la khoi
eSmN ,

luong mol, e la dién tich nguyén 16, S la tiét dién day, m la khéi lwong mot don vi
thé tich ciia dong, N, la s6 Avogadro. Thay gid tri s6, ta dwoc vy ~ 6 % 107 m/s.

Cau 16

Laze He-Ne phat anh sang do c6 budc séng A=630nm. Néu anh sang nay chiéu
vudng géc vao cach tor nhicu xa cd6 2000 vach/cm thi c6 thé quan sat dugc bao
nhiéu cuc dai, ké ca cuc dai trung tam, trén man hinh dat xa dang sau cach ta?



A. 14 B. 15 C. 16 D. 17
Pap an: B
Cuc dai bdc m nam trén hwong lap goc @voi huong tia toi thoa man hé thurc

d sin@ = mA , trong dé d la khoang cdch giita hai vach lién nhau ciia cdch tir. Do
do

sinH:m—/ISI ,
d

suy ra
-2
mgi: 10 5 =79 .
A 2000x630x10"

Nhuw vay, ta co thé quan sat duoc 2x7+1=15 cuc dai.

Cau 17

Kén clarinet 12 mdt nhac cu thudc bd hoi, c6 thé duge mé hinh héa bai mot dng kin
& mot diu. Mot kén clarinet ¢6 tin sd co ban 130 Hz tao ra hoa 4m 650 Hz. Hinh
nao dudi ddy mé ta dung nhét song ap suat ding trong dng? (Trén hinh v& 1 db thi
song 4p suit & hai thoi diém chénh nhau mot nira chu k).

L

<

e

Ld thdi

g = o el

Papan: C

Doi véi ong kin mét dau, ta cé biéu thirc L = nA /4, trong dé L la chiéu dai éng, A
la budc song cua am, n =1, 3, 5, ... chi bdc hoa ba cua am phat ra. Hoa ba 650 Hz
la hoa ba bdc 5 cua am co ban. Do do, L =5 A /4. Hinh C mé ta truong hop nay.

v

10



Cau 18

An va Béc nghién ctru hién twong cam ung dién tir. Hai ban ¢6 mdt nam cham vinh
ctru nho va mot cudn day dai cuén quanh mot dng tru rong nhu trong hinh vé. Hai
ban di chuyén nam cham véi téc d6 khong doi, xuyén qua cuén diy va ra phia bén
kia. Biéu dd nao dudi diy mé ta tot nhit sy thay dbi theo thoi gian cua dong dién
trong cudn day?

I — e
— "
dién tr&
A B.

C. D.

VAR
/
v

Papan: A

Khi nam chdm chuyén déng lai gan va di vao ong ddy, tir théng trong ong ddy tang
lén. Khi nam chdm di ra ngoai ong ddy, tw thong giam. Dong cam ung co chiéu
chong lai sw thay déi do, do d6, cé chiéu nguwoc nhau khi nam chdm di vao va khi
di ra ngodi ong ddy. Khi nam cham di chuyén trong long ong dady, tir thong khéong
doi nén khong cé dong dién cam iing.

11



Cau 19

Mot xung lade dai 25 ms ¢ ning luong téng cong E, = 1,2 J. Néu budc song cua
anh sang lade 1a 463 nm thi c6 bao nhi€u photon duoc phat xa trong xung nay?

A. 3.4 x 10" photon B. 1,1 x 10" photon
C. 2,8 x 10" photon D. 6,9 x 10" photon
Dap an: C

Nang lwong cua photon E,;, = hc/A = 0,43 x 1077 .
Séphoton laN=E./E,; =28 x 10" .

Cau 20

Hai vat A va B ¢6 cing chiéu dai néu xét trong hé quy chiéu ma A ding yén, con B
;7\ A 4 /’\ A 3 . )\ N 9 /4 ~ . /( \

chuyén dong voi toc do gc theo phuong chi€u dai cta né. Trong h¢ quy chiéu ma

B dung yén con A chuyén dong, ty sd chiéu dai cia chung 1a

Ly 53 B, La_% c. La_l6 p, La_25
Ly 4 Ly 5 Ly 25 Ly 16
Pap an: C

Ky hiéu L,, va Lp, la chiéu dai ciia A va B trong hé quy chiéu riéng twong img
ciia chiing. Trong hé quy chiéu S’ ma A dirng yén con B chuyén déng, chiéu dai ciia
ching twong ing la L, va Ly . Ta ¢6 L,=L, , Lz= gy VOI

2
7:\/1—(%cj /c? 2% Theo ddu bai, L'A =L'B, suyra Lyy=1yLgg.

Trong hé quy chiéu S ma B dimg yén va A chuyén dong, chiéu dai twong irng ciia A
vaBla L, va Ly. Tuwong tu, taco L, =yL,,, Ly =Lp,. Do do
Ly 7o :72LBO _2_16

=— > dipdinC
LB LBO LBO : 25 i

12



BO GIAO DUC VA DAO TAO OLYMPIC VAT LY SINH VIEN TOAN QUOC LAN THU XXI
HOI VAT LY VIET NAM DAI HOC PONG NAI - 2018

PHAN THI GIAI BAI TAP
(180 phiit khong ké thoi gian phat dé)
Cau 1

Mot khi 1y tuéng don nguyeén tit thyc hién chu trinh 1-2-3-4-1 duge mo ta trén gian do p-V
nhu hinh vé.

P A
1
4]
i 2
BN}
Wi n'Vp W

Biét ring trong chu trinh, thé tich nhé nhét ciia khi 1a V4, thé tich 16n nhat gap n lan. Cac
doan 2 — 3 vd 4 — 1 1a dang tich, doan 3 — 4 1a doan nhiét, con doan 1 — 2 nhan dugc tit
doan 3 — 4 bang cach dich mot doan c6 do dai py lén phia trén doc theo truc ap suat.

a. Hay xéac dinh lugng nhiét thu duge hodc téa ra trén cac doan 1 —2, 2 — 3,4 — 1.
b. Tinh hiéu suat ctia chu trinh trén.
Bai giai
a. Trén cac doan dang tich 4 — 1 va 2 — 3, khi nhan nhiét hay téa nhiét chi lam thay doi
noi nang cua no: ;

3
U= §SRT— §pV ,

trong d6 s 1a s6 mol khi. Trén doan 4 — 1, khi thu nhiét (Q4_; > 0), con trén doan
2 — 3, khi téa nhiet (Qu_s < 0). Ta c6

3

Qi1 = AUy, = 5]90‘/0 ) (1)
3
Q23 = AUy_3= —Enpovo . (2)
0 day, AU,_; vd AU,_5 lan lugt 1a bién thién noi ning cta khi trén doan 4 — 1 va
2 —3.
Ky hiéu sy phu thudc ctia 4p suat vao thé tich trong qué trinh doan nhiét 3 — 4 1a

p="pa(V)

1



Khi d6, theo dé bai, 4p suat phu thudc vao thé tich trong qué trinh 1 — 2 duge mo ta
bdi phuong trinh
p=pV)+po -

Luong nhiet AQ;_» thu dugc trén doan nay khi dan nd mot thé tich nhé AV bing
téng clia bién thién noi nang va cong thuc hién, tic 1a

3 5 3
AQua=A (a4 )V )+ (ot m) AV = 3+ ) AV S0V . ()
Tuong tu, nhiét lugng thu duge trén doan 3 — 4 khi dan nd mot thé tich nhé AV 1a
5 3
AC2374 = épaAV + §Apav . (4)

Tuy nhién, qua trinh 3 — 4 la qué trinh doan nhiét nén AQ3;_4 = 0. Tinh Ap, tu
phuong trinh (4), thé vao (3), ta nhan dugc

D
AQi 2= EPOAV .

Vay lugng nhiét khi nhan dugce trén doan 1 — 2 la

5

Q12 = §p0(n - 1)% . (5)

b. Téng nhiét lugng khi nhan duge tit nguon noéng la
5 3
Qr=Qi12+ Qs 1= Epo(n - 1)V + ipovo :
Tong nhiét luong khi nha cho ngudn lanh 1a
3
Q- =|Q23| = 5”]90‘/0 :

Vay hiéu suat ctia chu trinh 13

3
_ snpoVt -1
7]:1_‘Q =l-3 2”?003 :5n : (6)




Cau 2

Mot vat lieu chiém toan bo nita khong gian z > 0, mit phéng giéi han tai z = 0. Mién z < 0
la chan khong. Vat lieu nay khong dan dién (do dan o = 0), khong nhiém tit (hdng sd ti
tham p = 1), c6 chiét suat thuc N, d6i v6i song phan cuc thang theo phuong truc z, N,
ddi v6i phan cie thang theo phuong truc y, khi séng truyén theo phuong truc z. N, > 1 va
N, > 1 nhung N, # N,. Khong c¢6 dién tich va dong dién tu do trén bé mat ciing nhu bén
trong vat liéu.

Mot séng anh sang phan cuc elip phai truyén theo phuong truc z di tit mién z < 0 téi
vuong goc véi mat phéng phan cach ctia vat lieu. Véc to cuong do dién truong EZ cua song
t6i c6 the viét dudi dang

—

1
E,=E, {a‘c’ cos(kz — wt) — 55 sin(kz — wt)} ,

w £ £ . N — e B - P . 2 ~
trong d6 k = N—, N la chiét suat cua moi truong, ¥, ¢ va 2’ 1a cac véc to don vi ciia hé truc
c
toa do. Séng phan xa va song truyen qua ciing truyen theo phuong truc z. Hay tinh hé s6
phan xa R, tic 1a ti s gitta cuong do séng phan xa va cuong do séng tdi.
Goi 4 Véc to cam ting tit cia séng anh sang lién he vé6i véc to dien truong bdi bicu thitc
— N —
B=—nixFE
c
0 day, 7 1& véc to don vi xac dinh huéng truyén ciia séng dnh sang.
Bai giai
Anh sang t6i ¢6 thé xem 1a t6 hop ctia hai anh sang phan cuc thang: anh sang phan cuc

théng theo chiéu truc z c6 véc to dién truong E;, va &dnh sang phan cuc thing theo chiéu
truc y c6 véc to dién truong Ely

S

= FEy& cos(kz —wt) (

—_
~—

<
8

=,

I
—

[\
S—

1.
iy —§E0 ¥ sin(kz — wt)

1 == L
Ky hieu £, = Ey, By = §E0. Theo dinh nghia, cuong do anh séng I ~ E?2, trong d6 dau A

. . 5
chi gia tri trung binh theo thoi gian cia A. Do do, cuong do anh sang t6i I; ~ §E§

Vi véc to cdm ting tit clia séng anh sang lien hé véi véc to dien trusng béi bidu thiic

— N —
B="—nxFE
c
nén ta cé
By = (ét) B )z §cos(kz — wt) + %E(i,t)y Zsin(kz — wi) (3)
. N, . =
B, = _7 {Em ycos(—k:z - Wt) + ETy z sm(—k}z B wt)} ) (4)

O day, chi s6 7, ¢ dé chi thanh phin séng phan xa va truyén qua. Tai z = 0, thanh phan
tiép tuyén ctia dién truong va tit truong phai lien tuc. Do d6 ta c6 cac phuong trinh

Eiwy) + Er@y) = Eiwy) »  Biwy) — Brwy) = Ney Brwy - (5)

3



Giai hé phuong trinh nay, ta thu duge

1 — Ny,
Er(ay) = (—y> Ei(wy) -

1+ Nzy)

Cuong do dién truong ctia anh sang phan xa la

- 1—N,
E, = ED{( x) T cos(—kz — wt) —

1+ N,
1/1-N,
2 \1+N,

Cuong do anh sang phan xa la

1 2 2
Ir ~ é(Emv—}_E'ry)
1 1-N\? 1/1-
- _F? ’” -
2770 (1+Nx) +4(1+
Hé s6 phan xa R 1a
pol (1N 2 1(1-
I, 5 |\1+N, 4\ 1+

) 7 sin(—kz — wt)}




Cau 3

Trong mot mo hinh ctia nguyén tit hydro 6 trang théai co ban, ngudsi ta coi nguyén ti nay

gom:

- mot proton tich dién +e dudc coi la chat diém dit tai goc toa do O,
- mot dam may tich dien am c6 ddi xing cau bao quanh proton.
Biét dién thé tai diém M bat ky (OM= r) c6 dang:

V(r)=—e® (v6i a va b 1a cac hang s6 duong)
r
a) Hay xac dinh dien truong E(r) tai diém M.
b) Tinh dién tich cia ddm may tich dién am nam trong mit cau tam O béan kinh 7.
)

a) Tinh mat do dién tich p(r) ctia ddm may dién tich am theo a va b.

b) T diéu kién trung hoa vé dién ctia nguyén tt hay tinh hang s6 a theo e va «.

3. Tinh thé tinh dien V'(r) do dam may tich dién am gay ra tai diem M (OM= r).

4. Tinh theo a va b cac dai lugng sau:

a) Nang lugng W), clia hat nhan trong dam may dién tich am.

b) Ning lugng toan phan W ciia nguyén ti hydro.
Bai giai

a) Do tinh déi xting cAu cfia mo hinh nguyen ti, dien truong E = —VV tai M ¢6
huéng xuyen tam va c¢6 do 16n chi phu thude vio r =OM, cu thé 1

- - AV aexp(—br T
E = —VV)=-—""= %(Hbm; .
7l — M(l by (1)

E |E]

72

b) Ky hiéu ¢(r) 1a dién tich clia ddm may dién tich &m ndm trong mat cau tam O
ban kinh r. Theo dinh 1y Gauss, thong luong dién trudng qua mat cau tam O ban
kinh 7 chita dién tich +e & tam va dién tich am ¢(r) cho béi biéu thitc

BEr)am? = 2 (e 4 q(r)) . @)

€0

Thay E tu (1) vao (2), ta nhan dugc

dma(l + bryetr = ?10 (e + q(r)

T do6 suy ra
q(r) = —e +4mega(l + br)e ™ . (3)

a) Goi mat do dién tich am tai diém cach tam O khoang r 14 p(r). Dién tich am trong
khong gian gitta hai mat cau c6 ban kinh r va r + dr 1a

d d
p(r)dmr?dr = q(r +dr) — q(r) = q(r) + Sodr — q(r) = dr .
dr dr
Suy ra
1 dq
= — 4
o) Amr? dr (4)



Thay ¢ tit (3) vao (4), ta duge

_ —brip
p(r) = 47Tr247reoae [b—b(1+0br)]
hay
eoab® .
plr) =~ )

b) Do tinh trung hoa vé dién ctia nguyén ti, dién tich am téng cong phai bing —e
can bang véi dien tich +e ctia hat nhan, nén ta c6

—e = / p(r)dmridr .
0
Thay p(r) tit (5), ta nhan duge
—e = —47reoab2/ re rdr .
0

Lay tich phan theo ting phan, cudi ciing, ta duge
e

a =

4dmeq

Cach khac: Ta co hH(l) q(r) = 0. Stt dung (3) ta c6 (6).
r—

3. Dung (6) ta c6 thé tinh dién toan phan tai M 1a

e
Vir) = 47reor€_br '
Mat khac, hat nhan tai O gay ra tai M dién thé ;6 — Vay doéng gop ctia dam may
dién tich am vao dieén thé toan phan la '
Vi(r) = V() — — C letr-1] . (7)

dregr  4megr

4. a) Hat nhan c6 dién tich +e dat tai O (r — 0). Tai diém O dam may tich dien am
gay ra dien thé V'(O), nén hat nhan c6 niang lugng bang
Whn = —|—€V/(O> s
trong d6 V'(0) 1a gidi han ctia V'(r) khi r — 0. Ding khai trién
22
G;E:l—f‘l"'—?—’—...

cho |z| < 1, tut (7) ta ¢

b2y2 b?
Vi(r) ‘ (1—br+—r+...—1>: ‘ (—b+—r+...> ,

B 4dmegr 2 4eg 2
suy ra
, ) , eb
V(O) =limV'(r) = —
r—0 4meq
Do do
Wi = +eV/(0) = -2 (8)
hn =  Adre



b) Nang lugng rieng W, ciia ddm may tich dién am véi mat do p(r) bang

/ V' (r)p(r)dmridr . 9)

Thay (5), (6) va (7) vao (9), ta nhan dugc

e%b

167eg

21,2 00
W, = — e‘b / [6—2br _ e—br] dr =
0

8meg

Vay, nang lugng toan phan clia nguyén tit hydro bang

3e2b
167meq

W =Wy, +W,=— (10)



Cau 4

Mot ngudi quan sat ding yén so v6i mot ngoi sao ¢o dinh 6 rat xa (hé quy chiéu S). Ngudi
nay nhin thay céc ngdi sao phan bd déng hudng, tic 1a s6 ngdi sao ngudi nay nhin thay

trong goc khoi df2 bang dN = N . v6i N la tong so sao ngusi nay nhin thay.
T

Gia st mot ngudi quan sat khac chuyén dong véi toc do tuong déi tinh v = B¢ theo hudng
truc z (hé quy chiéu rieng 1a S’). H6i nguoi nay nhin thay cdc ngoi sao phan bd nhu thé nao,
nghia 13 ham phan b P(#', ¢') c6 dang thé nao, néu s6 ngdi sao ngudi nay nhin thay trong
géc khoi d clia minh 1a P(¢, ¢')dQY'? Kiém tra dé thiy ring

N
/P(Q', ©)dQY =N vy P, ¢") — yy khi 8 —0
7r

Ngudi quan sat nay thay cac sao chum lai & dau?

Goi g Trong hé toa do cau (r,0, @), goc khdi dQ duge cho bdi biéu thiic
dQ = d(cos ) dp = sin 0 df dp
Bai giai

Ky hiéu S 1a hé quy chiéu gan véi ngudi quan sat ding yén. Xét photon c6 dong lugng 7,
nang lugng E = pe trong he S (dong lugng § , ning luong E' = pc trong he S’). Ta c6

pxzpcosﬁzv(p;Jr%E’)va’(cose’Jrﬁ) . py=psind=p,=p'sing |
C

vy=1/v/1-p5%,

trong d6 6 (') 1a goc gitta p (7)) véi truc z (z').
Mat khac, ta ciing co

p=\/D: + D} :p’\/’y2 (cos @ + 8)° +sin® @ = 4p' (1 4 Bcosd)

Do do,
yp' , B+ cost'
0=— )= ———— 1
cos ; (B + cost) T Boost (1)
Lay vi phan hai vé clia phuong trinh trén, ta nhan duge
1 — 2
d(cos ) = 8 d(cost') .

(14 Bcosh)?
Ky hieu ¢ (¢') 1a géc cue trong mit phang yz (mat phang 3'2') (xem hinh vé). Ré rang 1a

o=y . (2)




Nhu vay, s6 luong sao dN ngudi quan sat trong hé S nhin thay trong géc khoi df) theo huéng
xac dinh bdi cac goc (6, ) bang s6 lugng sao dN' nguoi quan sat trong hé S’ nhin thay
trong goéc khoéi dY xac dinh bdi cac goc (¢, ¢'), trong d6 cac goc nay lien he v6i nhau bdi
céc phuong trinh (1) va (2). Do d6,

N N N 1-p N  1-p

dN = —dQ = —d(cos 0)d d(cos8')dy' =

L — =———~dY =dN' .
iy 4mr L (14 Bcost)? 4T (14 Beos @)’

Theo dinh nghia, ham phan bd sao trong he S’ 1a

N 1- 3
PO = s
47 (1 + Beost)

Dé dang thit lai:
N
P, o) — — khi  8—0
4

1 2 N 1— 2 N 1 — 2
/P(G’, ©")dQ = / d(cos 9')/ d¢' _1=-5F / 1=5 _ N
1 0 47T(1+BCOS€’ 1—1—59&

Ngudi quan sat S’ nhin thay sao chum lai & huéng ma ham phan bo c6 gia tri 16n nhat,
hay 12 biéu thic (1 + Bcos@’) 6 gia tri nhé nhét, tng véi cos# = —1 hay ¢ = 7. Didu do
c6 nghia ngudi quan sat S’ nhin thay céc sao tu lai ¢ lan can diém xa vo cling trén truc z’
vé phia gia tri am, mac du sao phan b6 dong déu theo moi huéng trong hé S.
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